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PRE FACE 


>> Deſi ign in 9 this Book, 
My was, that the Celeſtial Phyſics, 
97 = which the. moſt ſagacious Kepler 
bad got the Scent of, but the 
Prince of Geometers Sir Iſaac Newton, 
brought to ſuch a Pitch as furprizes all the 
World, might, by my Care and Pains in 
illuſtrating them, become eaſier to ſuch asare 
deſirous of being acquainted with Philoſo- 
phy and Aſtronomy. The Title informs 
you ſufficiently that the Arithmetical or 
Calculatory Part of Aſtronomy is here o- 
mitted, tho' that, perhaps, may be pub- 
liſh'd hereafter | in its proper Place. As for 
the Phyſics, it is all taken out of the above- 
mention'd Authors ; but is here intermix'd 
with Aſtronomy, in ſuch Places as ſeem'd 
proper and convenient; the Geometry to be 
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met with in it, I have either borrow'd elſe- 

where, and quoted the Place where tis to 
be found, or dehver'd it Lemmatically. 
Whatever is done in each Section, you have 
it expreſs'd either in the Title or Preface 
thereof, in ſuch a manner, as that thoſe who 


are leſs vers'd in the moſt abſtruſe Parts of 


Geometry, or leſs concern'd about the Phy- 


ſical Parts, may paſs over, and only read 


the Aſtronomy ſeparately and diſtinct from 
them. 95 | 

Ihe Celeſtial Phyſics, or Phyſical Aſtrono- 
my, hath not only the preference in Digni- 
ty of all Enquiries 1nto Nature whatever, 


but is the firſt in Order, becauſe it is the ea- 


ſieſt. For the Sun and Planets are ſeparated 
from one another by ſo immenſe a Diſtance, 
as renders them incapable of exerting moſt 
of thoſe Forces whereby all Bodies a& ppon 
one another; {o that they have no other 
Force left them whereby they can affect one 
another, but the ſingle Force of univerſal 
Gravity: Whereas in the Production of ſe- 
veral Phznomena that are obſerv'd upon 


our Earth, innumerable other Forces are 


_ exerted, ſuch as are very hard to be diſtin- 


guiſh'd from one another; which notwith- 


ſtanding, if not accurately done, our at- 
tempting to make an Enquiry into Nature 
is vain. Upon this account it is, that every 
Problem in the Terreſtial Phyſics is very 
operoſe and perplex' d. but on the contrary, 


in the Celeſtial Phyſics, they are _ 


4 ca 


7 8 
r r FTY A. ad. av. ei ei. 42S 8 Af inde folic. 


1 


P 


The Author's PREFACE. 1h: 


eaſy and ſinple; tho even the latter has its 1 
Difficulties, ariſing from the different Di- 


ſtances and Magnitudes of the Celeſtial Bo- 


dies. For the Fix'd Stars are fo vaſtly di- 
ſtant from each other, that they have no 
mutual Action upon each other, obſervable 
by us who are the Inhabitants of the Earth. 
The Primary Planets are remov'd ſo far 


from each other, that, tho' they have ſome 


ſmall Power and Effect upon one another, 
yet we cannot be ſenſible of it, till after 
many Years Obſervation. The Secondary 
Planets are not at ſo great a Diſtance from 
their Primary ones, or from the Sun, but 
that they may be conſiderably affected by 
the Powers of both, (if regard be had to the 
Quantity of Matter that is in theſe latter,) 


| and this is the Spring of thoſe manifold In- 
_ equalities found in them, ſuch as, for In- 


ſtance, manifeſtly ſhews it ſelf in our Moon; 
which yet is nothing at all, if compar'd 
with the Inequalities found among Terre- 
{trial Bodies, which are acted upon by an 


innumerable variety of other Forces, preſ- 


{ing every way upon them, So that thoſe 
Perſons ſeem to apply their Thoughts but to 
a very indifferent Purpoſe in the Study of 
Nature, that overlook this Part of Aſtrono- 


my, from whence the principal arid moſt 


ſimple Laws of Nature are to be learn'd. 
That none may think the Phyſics deli- 
ver'd in the following Work entirely new 
and unknown in Aſtronomy, I ſhall take 
| A 3 the 
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the Liberty to ſhew that it was both known 
and diligently cultivated by the moſt an- 


cient Philoſophers. AndTſhall dwell a lit- 


tle longer upon this Argument, becauſe 


there is no need of ſpending a Preface, either 


upon the Order of the Parts of this Work, 
which may be ſeen in the Index, or upon. 
the Uſefulneſs, Dignity, Hiſtory and Pro- 
greſs of Aſtronomy, or even of the true Sy- 


ſtem of the World, approv'd of by Pytha- 
goras, and others among the Ancients; theſe 
Things being all of them treated of at large 
by the common Writers of Aſtronomy. 


What I ſhall now therefore make out is, that 


we do ſtill treadin the Steps of the Ancients 
in this Phyſical Aſtronomy ; inaſmuch as 
they knew that the Celeſtial Bodies gravita- 
ted towards cach other, and were retain'd 


in their Orbits by theforce of Gravity ; and 


wereatſoappriz'doftheLaw ofthis Gravity. 
For if we look back to the firſt Riſe of A- 
ftronomy, and take a view of it in its In- 
fancy, as it were, we ſhall find nothing 
better approv'd of, nothing more univerſally 
entertain'd among the ſeveral Seas of Phi- 
loſophers, than this Notion of the Gra- 
vity of the Celeſtial Bodies. That Say- 
ing is well known, ſo often uſed b 
© Anaxagoras, and his Scholars, b Achelans 
and 


Laert. in Anaxag. That the Subſtance of the Sun was Stone, 
that of the Moon, Earth. Plat. in Apol. Socr. 

b That the Stars were Plates of red-hot Iron. Stob. Ect. 
Phyf. cap. 25. 


= He affirm'd the Sun to be a Maſs of ved-hot Iron. Diog. | 


V 
B 
tl 
B 
Ci 
V 
P 
11 
As 
Ci 
b 
h 
N 
el 
V 
4 
V 
V 


— — — — i 


The Author's PREFACE wv 


and Euripides: Namely,  * That the Sun 
and Stars were fiery or red-hot Stones and 
* Golden Clods.” Of the ſame Mind alſo 
were Democritus, Metrodorus,and © Diogenes, 
By theſe Expreflions they meant no more, 
than that they were heavy, denſe and fix'd 
Bodies, (ſuch as Stones are) fo as to bear a 
conſiderable Degree of Heat: And that this 
was really their meaning, will evidently ap- 
pear, if we do but enquire more narrowly 
into the firſt Authors of this Opinion. For, 
as we are told by f Democritus, theſe Notions 
concerning the Sun and Moon are not aſcri- 
bed to Anaxagoras as their original, for he 
had really borrow'd them of the Ancients. 
Nor is it a difficult Matter to find out who 
they were that he borrow'd them of, or from 
whom they were handed down to him. 
He had them from his Maſter 8 Anaximenes, 
whoſe Opinion we know was, that the Stars 
were of a fiery Nature and Subſtance, that 

| 7 4 there 
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c They ſay that Euripides uſed to call the Sun a Clod of 
Gold, or Golden Maſs. Diog. Laert. in Anaxag- 

* Anaxagoras, Democritus and Metrodorus affirm'd, that 
the Sun was a Maſs of Iron or Stone red-hot. Plut. de Placit. 
Phil. lib. 2. c. 20» „ 
Diogenes thought that the Subfzance of the Stars was nat 

anlike that of a Pumice Stone. Ibid. c. 13. | 

f Favorinus, in his various Hiſtory, relates, that Democrirus 
uſed to ſay of Anaxagoras, that the Opinions which he taught 
concerning the Sun and Moon, were not his own, but far more 
ancient than Anaxagoras's time; and that he had ſtollen them. 
Laert. in Democrit. | 
8 Anaximines ſaid, the Nature of the Stars were fiery, and 

_ that there were certain Pod. Bodies that are inviſible, car- 
ried together about them. Stob. Ecl, Phyſ. c. 25. | 
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there were alſo mingled with them certain 


Earthly Bodies, which were carried round 
about them, tho* not viſible tous: By which 
Words he plainly means Planets of a Terre- 
ſtrial Nature, performing their Revolutions 
in the Syſtem of every Fix*d Star. Theſe 
Notions Anaximenes receiv'd from Anaxi- 
nander; Anaximander from h Thales himſelf, 
who was the Head and Founder of the Tonic 
Philoſophy ; and ſpread this Opimion of the 
Gravity of the Fix'd Stars among his Sect. 
Nor did this Doctrine concerning the Stars 
ſtop here, but afterwards it diffus'd it ſelf 
thro' the Italic Philoſophy, the | Followers 
of which taught, that.each Star was a World 


in the infinite Ethereal Space, containing 


Earth, Air and Fther ; and that the 


* Moon was not _w_ like our Earth, but 
inhabited by Animals of a larger ſize, and 


furniſh'd with Plants of a beautiful ap- 
pearance. | | Ba 
Nor were they ſo abſurd in their Con- 
ceptions about Gravity, as to think that it 
was done by the virtue of any Point with- 

s | In 
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Þ Thales <vas of Opinion that the Stars conſiſted of an Earthly 
Subſtance, which was continually red-hot. Stob. Ecl.Phyf. c. 25. 
And ſo Plutarch. De Plac. Philoſ. lib. 2. c. 112. 

Te Pythagoreans affirm'd, that every Star is a World in 
the infinite Ethereal Space, wherein are contain d Earth, Air, 
ard Fither. Plut. de Plac. Philoſoph. lib. 2. c. 13. 


* The Pythagoreans aſſerted, that the Moon ſeem d to be of 
4 like Nature with the Earth, is inhabited as our Earth is, 


by Animals, tho" of a larger ſize than ours, and fill'd with the 
2 Plants, tho much more beautiful than ours. Plut. de 
Plac. Phil. lib. 2. c. 30. : | AY 
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in the Earth, or of a Center, to which all 
heavy Bodies placed any where, tended; but 
they thought it was done by the! Power of 
the whole Matter in the Terreſtrial Globe 


attracting all things to it ſelf: And as the 


Power of the Loadſtone is compos'd of the 
Powers of the ſeveral Parts combin'd toge- 
ther, ſo they believ'd that the Gravity to- 
wards the whole Earth, reſulted from the 


Gravity towards each ſingle Part of it. Be- 
ſides, they believ'd there was a * Gravity 


towards the Moon and Sun, acting in the 


ſame manner as it does towards the Earth; 
and that each Planet, like a Stone whirFd 


in a Sling, was kept in its Orbit by the 


ſame Principle, and for the ſame Reaſon 
revolving always about us. From ſome 


things 


* — n * 
* 
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1 And yet if every heavy Body inclines towards the ſame place, 
and does with every one of its Parts tend to its Middle or Cen- 
ter, the Earth certainly will not appropriate to it ſelf theſe hea- 
vy Bodies, which are its Parts, becauſe it is the Center of the 
Univerſe, but rather becauſe it is the whole, of which they are 
the Parts. Plut. de facie.in Orbe Lunæ. | > 

As for that which is incorporeal, tis not probable, nor will 
they themſelves allow it to be poſſeſs'd with ſo great a power as 
to draw all things towards it, and retain them about it. Ibid. 

m And this meeting together of Bodies here, and their Coa- 


| fition likewviſe with the Earth's Body, ſhew us the manner how 


it is probable that the Parts, aubich are aſſembled at the Moon's 


Body, continue alſo there. 


n But the Moon is help d, and preſeru'd from falling dow, 
by her very Motion and that impetuoſity of her Revolution; as 
Stones and other qveighty Bodies put in Slings and ſwung round, 
are kept from dropping out by the ſaviftneſs of their Motion, and 
their being mov'd circularly. Wherefore the Moon does 
not move downwards, as her own Weight cuou d naturally carry 
her, her tendency that way being ſtopt by the violence of her 


circular revolution. Idid. 
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things mention'd by) * Diogenes Laertius, 
concerning Plato, which alſo are obſcurely 
hinted at in his ? Timeus, I am apt to be- 
lieve with 4 Gallileo, that the divine Philo- 
ſopher ſuppos'd the Mundane Bodies, when 
they were firſt formed, were moved with a 
Rectilinear Motion (by the means of Gra- 
vity,) but after that they had arrived to 
ſome determined Places, they began to re- 
volve by degrees in a Curve, the Rectilinear 
Motion being chang'd into a Curvilinear 
one. *Tis from this Doctrine of Gravity, 
that all Bodies gravitate mutually to one 
another ; tis by this that * Lucretius, taught 
by Epicurus and Democritus, labours to prove, 
that the Univerſe has no Center or loweſt 
Place, but that there 1s ad infinity of Worlds 
like ours in the immenſe Space. His Argu- 
ment runs thus; If the Nature of things 
were bounded any where, then the outmoſt 
Bodies, ſince they have no other beyond 
them, towards which they may be made to 


tend by the force of Gravity, would not 
5 ſtand 


— 


' ©. Theſe at firſt were mov d in aconfus'd and irregular man- 
ner, butt <vhen they <vere duly adjuſted and rightly ſettled, then 
the World was eftabliſh'd by God in juſt order and proportion. 
Diog. Laert. in Plat. | 

. Þ He gave it a Motion altogether agreeable to its Nature as 
& Body (that it, a direct one.) And a little further; Therefore he 
afterwards made it continue its courſe in a Circle. Plat. in his Ti- 
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4 [n his Coſmical Syſtem. | 

r Suppoſe they all had Bounds, ſuppoſe an End; 
Then Bodies <vhich by Nature muſt deſcend, \ 
And from Eternity purſu'd the Race, po 
Hlad long e er thistime reach'd the Loweſt Place. Luer. I. I. v.986. 
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ſtand in an Equilibrio, but make towards. 
the inner and lower Bodies, being neceſſa- 
rily inclin'd that way by their Gravity; 
and therefore having made towards one ano- 
ther, during an infinite ſpace of time, would 


have long ago met, and lye in the middle 


of the whole, as in the loweſt Place. *Tis 
evident therefore from hence that Lucretius, 
and thoſe whom he followed, behev'd that 
all Bodies did Gravitate towards the Matter 
placed around: them, and that every fingle 
Body was carried by the more prevailing 
Gravity, towards that Place where there 


was moſt Mattter. | | 
As it is manifeſt that.the Ancients were 
apprized of, and had diſcover'd the Gravity 
of all Bodies towards one another, fo alſo 

they were not unacquainted with the Law 

and Proportion which the Action of Gra- 
vity obſerv'd according to the different Maſ- 


ſes and Diſtances. For that Gravity is pro- 


porrional to the Quantity of Matter in the 

heavy Body, Lucretius does ſufficiently de- 

clare; *as alſo that what we call light Bo- 

dies, don't aſcend of their own accord, 

but by the action of a Force underneath 
them, impelling them upwards, juſt as a 

Piece of Wood is in Water; * and further, 

| £13 11 that 
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| 5 Beſides ; vhy have not Bodies equal Weight 

With thoſe, whoſe Figure is but juſt as great? Luer l. . v. 415. 

And this I think a proper Place to prove, ; 

That nothing of it ſelf can upwards move. Luer. l. 2 v. 18. 
u Therefore thro Void, unequal Weights muſt be, | 

Like Swift in Motion, all of like degree. Lucr.l. 2. v. 228. 
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concerning Plato, which alſo are obſcurely 
hinted at in his P Timers, I am apt to be- 
heve with 4 Gallileo, that the divine Philo- 
ſopher ſuppos'd the Mundane Bodies, when 
they were firſt formed, were moved with a 
Rectilinear Motion (by the means of Gra- 
vity,) but after that they had arrived to 
ſome determined Places, they began to re- 
volve by degrees in a Curve, the Rectilinear 
Motion being chang'd into a Curvilinear 
one. Tis from this Doctrine of Gravity, 
that all Bodies gravitate mutually to one 
another ; tis by this that * Lucretius, taught 


that the Univerſe has no Center or loweſt 


like ours in the immenſe Space. His Argu- 
ment runs thus; If the Nature of things 
were bounded any where, then the outmoſt 
Bodies, ſince they have no other beyond 
them, towards which they may be made to 


tend by the force of Gravity, would not 
| ſtand 
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0 Theſe at firſt were mov'd in aconfus'd and irregular man- 
ner, bitt oben they were duly adjuſted and rightly ſettled, then 
the World was eftabliſh'd by God in juſt order and proportion. 
Diog. Laert. in Plar. 1 
. Fe gave it a Motion altogether agreeable to its Nature as 
4 Body (that it, a direct one.) And a little further; Therefore he 
afterwards made it continue its courſe in a Circle. Plat. in his Ti- 
mens. / | 
4 [n his Coſmical Syſtem. | 
r Suppoſe they all had Bounds, ſuppoſe an End; 

Then Bodies cohich by Nature muſt deſcend, 

And from Eternity purſu'd the Race, WY al 

" Had long e er this time reach'd the Loweſt Place. Luer. i. l. v. 986. 


things mention'd by Diogenes Laertius, 


by Epicurus and Democritus,labours to prove, 


Place, but that there is an infinity of Worlds 
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ſtand in an Equilibrio, but make towards 


the inner and lower Bodies, being neceſſa- 


rily inclin'd that way by their Gravity; 
and therefore having made towards one ano- 


ther, during an infinite ſpace of time, would 
have long ago met, and lye in the middle 
of the whole, as in the loweſt Place. Tis 
evident therefore from hence that Lucretius, 


and thoſe whom he followed, believ'd that 


all Bodies did Gravitate towards the Matter 
placed around them, and that every ſingle 


Body was carried by the more prevailing 


Gravity, towards that Place where there 
was moſt Mattter. W 
As it is manifeſt that the Ancients were 
apprized of, and had diſcover'd the Gravity 
of all Bodies towards one another, fo alſo 
they were not unacquainted with the Law 


and Proportion which the Action of Gra- 


vity obſerv'd according to the different Maſs. 

ſes and Diſtances. For that Gravity 1s pro- 
porrional tothe Quantity of Matter in the 
heavy Body, Lucretius does ſufficiently de- 
clare; *as alſo that what we call light Bo- 
dies, don't aſcend of their own accord, 
but by the action of a Force underneath 


them, impelling them upwards, juſt as a 


Piece of Wood is in Water; and further, 
F 4 that 
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that all Bodies, as well the heavy as the 


light, do deſcend in vacuo, with an equal 
celerity. It will be plain likewiſe, from what 


I ſhall preſently obſerve, that the famous | 
Theorem about the proportion whereby 


Gravity decreaſes in receding from the Sun, 


was not unknown at leaſt to Pyrb aporas. | 


This indeed ſeems to be that which he and 
his followers would fignify to us by the 


Harmony of the Spheres : | That is, they 


feign'd Apollo playing upon an Harp of ſe- 


ven Strings, by which Symbol, as it is 
_ abundantly evident from * Pliny, Macro- 
bius and Cenſorinus, they meant the Sun in 


Con junction with the ſeven Planets, for 
they made him the Leader of that Septe- 
nary Chorus, and Moderator of Nature ; 
and thought that by his Attractive Force he 
ated upon the Planets (and called it Jupi- 
ter's Priſon, becauſe it 1s by this Force that 
he retains and keeps them 1n their Orbits, 
from flying off in Right Lines) 1n the Har- 
monical Ratio of their Diſtances. - For the 


Forces, whereby equal Tenſions act upon 
Strings of different Lengths (being equal 


in other Reſpects) are reciprocally as the 
Squares of the Lengths of the Strings. 
For Pythagoras as he was paſſing by a 


Smith's Shop, took occaſion to obſerve, that 
the Sounds the Hammers made, were more 


acute 


4s 
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* Plin, lib. 2. c. 22. Macrob. lib. 1. c. 19. Cenſorin. c. 11. 
Macrobius lib. 2. inſomn. Seip. cap. 1, 0 
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acute or grave, in proportion to the Weights 
of the Hammers ; afterwards ſtretching 
Sheeps Guts, and faſtning various Weights 
to them, he learn'd that here likewiſe the 
Sounds were proportional to the Weights, 
Having fatisfy'd himſelf of this, he inve- 
ſtigated the Numbers, according to which 
Conſonant Sounds were generated. Whe- 
ther the whole of this Story be true, or 
but a Fable, tis certain Pythagoras found 
out the true Ratio between the Sound of 
Strings and the Weights faſten'd to them. 
The ſame Tenſion acts upon a String as ſhort 
again, four times more powerfully: For it 


=. produces an Octave, and an Octave is ſound- 
— ed by a force that is four times greater; 
3 for ifa String, ſtretched by a given Weight, 
1 generates a given Tone the ſame String 
HE ſtretch'd by a Weight four times greater, 
3 will ſound an Octave. Thus likewiſe the 


ſame Tenſion upon a ſubſeſquialteran Chord, 
acts in a double ſeſquiquartan Ratio: For it 
3 generates a Fifth or Diapente; and a String 
1 that ſounds a given Note, with a given 
PE. Weight, ought to be ſtretch'd by a Weight 
- that is a double ſeſquiquartan to found a 
Fifth. And univerſally, the Weights which 
generate all Tones 1n Strings, equally thick, 
are reciprocally as the Squares oftheLengths 
of thoſe of equal Tenſioh, producing the 
I fame Sound in any Muſical Inſtrument. Py- 
„ thagoras afterwards applied the Proportion 
he had thus found by Experiments, to the 
e Heavens, 
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Heavens, and from thence learn'd the Har- | 


mony of the Spheres. And by comparing 


theſe Weights with the Weights of the Pla- 
nets, and the Intervals of the Tones pro- 
duced by the Weights, with the Interval 
of the Spheres; and laſtly, the Lengths of 
Strings with the Diſtances of the Planets 
from "the Center of the Orbs ; he under- 
Mood, as it were by the Harmony of the 


Heavens, that the Gravity of the Planets 
towards the Sun Caccording to whoſe Mea- 


ſures the Planets move) were reciprocally as 
the Squares of their Diſtances from the Sun. 


We have thus far been ſhewing what was 


the Opinion of the Ancients concerning 


Gravity; and it is evident they were per- 
ſwaded that Gravity was not an affection of 


Terreſtrial Bodies only, but of the Celeſtial 


alſo, that all Bodies gravitate towards one 


another, and that the Planets are retain'd 


in their Orbits by the force of Gravity; and 
laſtly, that the Gravity of the Planets to- 
wards the Sunare reciprocally as the Squares 


of their Diſtances from it. What the Indu- 


ſtry and Skill of the Moderns have added 
to theſe Inventions of the Ancients, the 
following Pages do declare at large, 
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which i iS 40 much eſteem d and ad- 


* for its great and manifold Dſes for 


the Serwice of Mankind, as it is de- 
lightful and entertaining to the more cu- 
rious and contemplative, has in all Ages 


been cultivated and improw'd , by Men 


the moſt eminent for their Parts and 


Learning; and is now brought, as it 


were, to the utmoſt degree of Perfection, . 
and . chiefly by the ſuperior Genius 
and Induſtry of thoſe of our own Nation. 
But ſince nothing conf! iderable therein, has 
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been as yet writ in our own Language, 


1 thought 1 I could not oblige my Country- 


Men more than in publiſhing an Engliſh 


Edition of the moſt valuable and finiſh'd 


Piece of ASTRONOMY nom extant, It. is 
generally reckon'd to be a Book that con- 
tains not only all the Diſcoveries and 


Philoſophical Sentiments of the great Ke- 


pler, and the various Hypotheſes of the 
moſt noted A fironomers before and, 
ſince bis Time; ; but is chiefly valued by 


the beſt Judges, fe or the large and inſtru- 


Give Comments. ea in it, on the 
Writings of the illuſtrious Sir Iſaac New- 


& 


ton, as well as on the ſeveral Aſtrono- 


111047 Diſſertations of the ſagacious Dr. 


| Halley, which the Reader 8 N here 


ever = where inter 1 per cd. 
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3 "SECTION I. 


8 the Order, Diſtances, and Pe- 
riods of the Primary Planets revolving 
about the Sun, and the principal Phzno- 
mena thence ariſing, | 


— 
— 1 6 — — ee A... th. 


3 


and Periods of the Primary Planets re- 


2 — ftances from him; as alſo what we are 
to thiuk: of the Comets and Fivt Stars. 


PROPOSITION | PETS 7 
= I O give 4 general account of the Order, 


l wolving about the Sun, and their Di- 
The Sun is to be look'd i upon as immoveable,- 


and placed in the midſt of that immenſe Space, 
B in 


* 


5 3 


\ 2 The ELEMENTS Book I. "NY 
138 D . | * 8 
| 0 | in which the Planets perform their Revolutions. 4 
1h And there are fix opake Spherical Bodies that 1 
l | revolve about, it, as their Center, fem Weſt-to f 
1 Eaſt, ¶ Fig: k.] from 4, along B, Q D, in the 5 
n following Order: Mercury neareſt the Sun, com- 0 
1 pleating its Revolution in about three Months; 11 
9 next to Mercury, Venus in about ſeven Months 8 
. and an half; then the Earth in a Vear; Mars in c 
i about two Years ; Jupiter in twejve; and, laſt of 5 
* [= all, Saturn, which 1s outerm n thirty. Their 8 
| 4 Diſtances from the Sun are nearly the ſame as p 
= they are repreſented. in the Scheme: That is, it 
Mt ſuppoling the diſtance of the Earth from the. Sun "vi 
* to be divided into ten equal Parts, of theſe the 1 
„ diſtance of Mercury will be about four, of Ve- * 
1 nus ſeven, of Mars fifteen, of Jupiter fifty two, F 
1 and that of Saturn ninety five. = D 
* »Tis to be obſerv'd, that all their Orbits are 
WW not in the ſame Plane, but variouſly inclin'd to 
bi. one another; ſo that ſuppoſing the Plane of the 


Ws = Earth's Orbit to coincide with the Plane of this 
Wi, e Scheme, one half of the Plane of any other Pla- 
net's Orbit will be above, and the other half be- 
if low it ; ſo that the Planes interſect one another in 
its a Line that paſſes thro' the Sun. | 
| Beſides the abovemention'd Planets moving 
round the Sun, there are likewiſe Comets ; and 
' | theſe, if they are laſting in their Nature and 
* . Motions, move in very excentric Orbits, and 
14 — conſequently ſhew themſelves only, when they 
[ 4 are in thoſe Parts of their Orbits that are neareſt 
5 to us and the Sun: Some of them, like the Pla- 
[ nets, move from Weſt to Eaſt, others from Eaſt to 
{ Weſt; ſome again from North to South, and laſt- 
ly, others from South to North. Their Orbits are 
various and different in Magnitude, Situation, 
and Inclination both to one another, and to the 
ü 5 Orbits 


5 


1 
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Orbits of the Planets. Their Periods are not as 


yet known from Obſervation, nor indeed is it 
fully certain, that they move in Lines that return 


into themſelves. - But all theſe Things, perhaps, 


will be determined by proper Obſervations made 


in future Ages. 


T he reſt of the Mundane Space is to be con- 


ceived as divided into Spaces juſt like that we 
have been deſcribing, each having one of thoſe 


Stars in its Center, which are called Fit Stars, 


performing the Office of a Sun to it, and having, 


it may be, Planets and Comets of its own re- 
volving about it. 1 $9483 \ 
It is enough at firſt to have a-general Conceps 


tion of theſe Things as they are here deſcribed: 


For tho the Periods of the Planets, and their 


Diſtances from the Sun, as here laid down, are 
not exactly true, yet they are neareſt the 'Truth 
in round Numbers. Again, tho' the Paths they 
deſcribe are not perfect Circles, - concentric to 
the Sun, and the Motion of the ſame Planet not 


perfectly equable ; yet the Difference is ſo ſmall, / W 


that they need not, at preſent, be taken others 


wiſe ; till by Obſervations and Methods of uſing 
them, hereafter to be ſhewn- in their proper Pla- 
ces, all theſe Things ſhall be preciſely and ex- 
actly ſettled, and theſe Niceties examined; or, 


at leaſt, till the ſame are purpoſely handled, in 
order to enquire into their Phyſical Cauſes. 


PxzoPoOsITION II. 1 


O deſeribe the Phenomena that ariſe from th 
Situation of the Sun and Motion of the Earth, 

as related above. | | | 
Firſt, If the Obſerver be ſuppos'd to be plac'd 
in the Sun, *tis evident the Earth will ſeem” to 
him to move from Weſt: to Eaſt perpetually, as 
L 2 B 2 really 


\ 
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really it does. Then ſince, beſides the Earth, out 


Obſerver ſees the Fixt Stars plac'd round him, 


as it were (the nature of the Eye requiring it) 


in a concave Sphere, that has the Eye for its 
Center; *tis likewife evident, that he will ob- 


ſerve the Earth moving, as it were, among the 


Fixt Stars, and approaching nearer and nearer to 
the more Eaſtern ones, till, in a Year's ſpacez 


having compleated its Revolution. it returns to 


the ſame Place among them again. And be- 
cauſe the Earth always goes the ſame 'Frack 
over again, the:Obſerver-will take eſpecial no- 


tice of the Stars the Earth paſles over; alſo the 


Plane of: the "Earth's Orbit, and the Circle in 
the Sphere of the Fixt Stars made by that Plane, 
and called the Ecliptick ; and this will be a great 


Circle, becauſe it paſſes thro? the Sun, or Eye, 
which is the Center of that Concave Sphere 


that terminates the Sight. But if for the Ad- 
vantage of making Obſervations, ' the Obſerver 
imagines this Ecliptic divided into twelve equal 
Parts, or Signs, calling them by the Name of 


any neighbouring Conſtellation or Figure thoſe 


Stars ſeem to make; in this Caſe, I ſay, | Fig. 2. 
the Earth will ſeem to move from Y to 8, 


and from thence to IT, and ſo on; from Weſt 


to Eaſt, through all the Signs, till it returns to 
NM again. | et : 
Secondly, If you imagine the Obſerver to be 


removed from the Sun to our Earth, and the 


Earth be at , where it is ſeen from the Sun 
among the Fixt Stars, at Y; the Sun when 
ſeen from the Earth, will appear in the oppoſite 
Sign =, among the Fixt Stars ; the Earth being 
then the Center of the Sphere of the Fixt Stars: 
For the Place of the Eye is the Centre of a 
Sphere, on whoſe Surface the Stars are con- 
L ceiv'd 


„N22 


_— 


ba. hb © 


ceiv'd to be plac'd. If the Earth be moved from 
thro? B, to C, in its Orbit, or if look'd upon 


from the Sun, from thro” , to II, in con- | 
ſequentia, or according to the order of the Signs; | 


the Sun, to an Obſerver on our Earth, that 


thinks the Place he ſtands upon immovable, will 


appear to move among the Fixt Stars, according 
to the Order of the Signs alſo, from =, thro? 
thro' n, 7, Ec. in the ſame Plane, during the 
fame Time, and towards the ſame Parts of the 


Heavens, as the Earth ſeen from the Sun does, 


but in the oppoſite Points of the Ecliptic. 
SCHOLIUM. 
The like Phenomena happen in reſpect of 
the Sun and any other Planet ; nay indeed, the 
very ſame, excepting that the Time of that Pla- 


net's Revolution about the Sun, or the Sun's ap- 


parent Revolution about the Planet, when view'd 
from that Planet, is various, according to the 
different Period of each, mention'd in the fore- 
going Propoſition; and that the Plane of the 
.Orbit of that Planet produced, will meet other 


Stars than thoſe which the Plane of the Earth's 


Orbit does, when produced ; and conſequently, 


that the Path of the Sun among the Fixt Stars, 


ſeen from any other Planer, is different from its 
Path, when ſeen from the Earth, that is, from 
the Eclipric: 


 PxroPosITtTLION III. 


7 0 deſcribe the Phenomena of the Planets ſeen 


from the Sun, ariſing from their Motion in 


Orbits, whoſe Planes are incliu d to the Plane of the 
Eoliptic. 


Since the Orbits of the Earth and Planets are 


ſo ſituated, as that their Planes are inclin'd to 
each other, and interſect each other, Cas was 


B 3. ſnewn 
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ſhewn in general in Prop, 1.) in right Lines paſy 
ſing thro the Sun; the Inclination of the Plane 


of the Orbit of each, to the Plane of the Eclips | 


tic, or Earth's Orbit, is to be taken into conſi- 


deration, in explaining the Phænomena of the 
Planets viewed from the Sun. For the Plane of 


the Ecliptic is taken by Aſtronomers as the Stan- 


dard to which the Planes of the other Orbits are 


zudged to incline ; and that with very good 


reaſon, ſince it is that in which the Earth (the 


Habitation of the Aſtronomer ) moves round the 


Sun, or in which the Sun ſeems to move round 
the Earth: And an Obſerver plac'd in any other 
Planet, would make the Plane of that Planet's 
Orbit, the Standard of all the reſt, and conſi- 


* 


der them as inclin'd to it. T7 
The right Line which paſſes thro' the Sun, 


and is the common Section of the Plane of the 


Orbit of a Planet, and the Plane of the Ecliptic, 
is calld the Line of the Nodes of that Planet; and 


the Points themſelves, wherein the Orbit of the 


Planet cuts the Ecliptic, are call'd the Nodes. Thus, 
Fig. z.] let © T 27 be the Plane of the Orbit of 
the Earth produced indefinitely, NP the Orbit 


of any Planet, interſecting the Plane of the for- 


mer Orbit or Ecliptic in N and u, which are the 
Nodes of that Planet; fo as that one part N P u 


of that Orbit be ſuppos'd above the Plane of this 


Scheme, and the other, # N, below it, (which 
makes it look like an Ellipſe:) The right Line Nn 
Joining the Nodes, being the common Section of 
the Plane of the Orbit of the Planet and the Plane 
of the Ecliptic, is the Line of the Nodes. 

Tis evident then, that if a Planer be ſeen 


from the Sun, when it is in one of the Nodes, as 


N, it will appear to be in the Plane of the Eclip- 
Tic. But when gone forwards as far as p, it will 
. ſeem 


Sone eas groe 
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ſeem to deviate from the Ecliptic: and (by Def. 


5. Elem: xi. ] the Inclination of the Right Line 
OP, to the Ecliptic, and confequently of the 


Planet at P ſeen from the Sun, call'd the Planets 


Heliocentric Latitude, is meaſur'd by the Angle 


POE, where PE is ſuppos'd to bea Perpendicular 


let fall from P to the Plane of the Ecliptic. 'This 
Heliocentric Latitude continually increaſes, till 
the Planet is got as far as L, its Limit; where it 
is equal to the Inclination of the Plane of the 
Planet's Orbit to the Plane of the Ecliptic. But 
during the Planet's Paſſage from thence to the 
other Node u, it is decreaſing, till at laſt it va- 
niſhes at the Node. The Planet having paſs'd 
the Node u, its Latitude begins again, changing 


its Name, becauſe *tis towards the contrary Parts 


of the Ecliptic, 'and grows bigger and bigger, 
till the Planet has arriv'd at the other Limit I, 


from whence again it grows leſs and leſs, till it 
vaniſnes at the other Node N. © _» Fa 
The Orbs of the Planets (that is, the Planes of 


their Orbits) are inclin'd to the Ecliptic in the 
following Manner: The Orb of Saturn makes 


an Angle of 25 Degrees; of Jupiter, 1: Degrees; 
of Mars, a little leſs than 2 Degrees; of Venus, 
ſomething above 35 Degrees; and of Mercury al- 


moſt / Degrees. An Account of the Poſition of 


the Line of the Nodes of each Planet ſhall be gi- 
'ven in a more proper Place. In theſe 'Two laſt 
"Propoſitions, we have conſider*d the Planets as 
they appear to one plac'd in the Sun: Becauſe it 
was neceſſary to the underſtanding their Motion 
when view'd from the Earth. IE 
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9 2 O deſcribe the Phenomena ariſing from the Mo- 
tion of the Earth, and the inferior Planets, 
Venus and Mercury, when view'd from the Earth. 
Since Venus and Mercury revolve about the 

Sun, in leſſer Orbits than the Earth, as you ſee 

in the Scheme, Fig. 4. | where T repreſents the 

Earth, carried in its Orbit T from Weſt to 

Eaſt: 2 CLC, the Orbit deſcrib'd by Venus 

in a leſs ſpace of Time the ſame way; tis evi- 

dent, that when Venus is in DEF, that Part of 

its Orbit that is fartheſt off the Earth, it will ap- 

pear to us on the Earth to move in conſequentia, 

or according to the order of the Signs, and is 

then ſaid to be Direct. When it is in &, moving 

from thence to H, it will appear to move as ſwift 

as the Sun, becauſe then its Motion tends directly 
towards the Earth, and it does not ſeem to move 

at all, but as its Orbit is carried along by the 

Sun, whoſe Motion is towards the Eaſt : Venus 

moves now therefore flower than before, but is 

ſtill Direct. When it is got beyond I in its Mo- 

tion, thro! A to B, it paſſes between the Earth 

| and Sun, becauſe it is nearer to us than the Sun, 
} and moves ſwifter than the Earth, (the cauſe of 
which we ſhail hereafter aſſign,) and conſequent- 

ly it will ſeem to us to change its Place among 

the Fixt Stars, and move zn antecedentia, or con- 


WW trary to the Order of the Signs, and then it is 
= ſaid to be Retrograde, tho? really Direct ſtill, if 
| 0 view'd from the Sun. Between Direct and Re- 
= trograde, for inſtance, about H, it will appear 
ih Satioary,,the right Lines that join the Earth 


and Venus, at the ſame Moment continuing for 


1 ſiome ſenſible Time Parallel. Thus likewiſe, af- 
WH ter its Retrogradation, before it becomes Direct 
13 again, it will appear Stationary a Second Time 


about 


— 
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about B, and is Stationary, in order to its be- 
ing Direct, as it was before in order to its being 
Retrograde at H. In all this Affair, Regard is 

to be had to the Motion of the Earth; for Ve- 
nus is Direct, Stationary, or Retrograde, accords 
ing as it is poſited in ſuch Parts of its Orbit as 
have the ſame Relation to the Earth in its Moti- 
on as the Points aforementioned have. From 
what has been ſaid; tis evident that Venus, when 


conſequently appears bigger than at other Times; 
and contrariwiſe when Direct, as at E, it is 
farther off, and conſequently appears leſs. 

And becauſe Venus moves round the Sun at 2 
leſs Diſtance than the Earth; *tis evident that 

it will ſeem greys torn the Sun, ſomes» 
times to go to the Welt of it, ſometimes to the 
Eaſt: Af] the Heavenly Bodies ſeeming to be at 
an equal Diſtance from the Eye of the Spectator. 
This Digreſſion to the Eaſtward or Weſtward of 
the Sun is call'd the Elongation, and is meaſured 
by the Angle contain'd under right Lines drawn 
from the Eye to the Sun and Venus, which is 
never greater than the Angle © TC or OFT &, "a 


if the Lines TC or T &, when drawn, are Tan- 


gents to the Orbit AD F. Conſequently the 
Elongation of Venus will never be above half 
a Quadrant from the Sun, as is evident from 
the Semidiameters fi down in Prop. 1. And 
when it has arrived to its fartheſt Elongation 
it will return to the Sun, and paſs as far be- 


of 


yond on the other Side, as if its Motion were 


Oſcillatory. | | 
Mercury has all the ſame Phenomena ; but its 

Directions, Stations, and Retrogradations hap» 

pen oftner, becauſe it finiſhes its Courſe in : * 

ſhorter Time, and conſequently overtakes 1 ; 

.; 7 | Earth. 
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| 
37 Earth oftner than Venus. And ſince Mercury's | ott 
| 


1 Orbit is leſs than that of Venus; its greateſt of 
4 Elongations muſt be alſo leſs, and it muſt be Re 
15 a nearer and more conſtant Attendant of the wh 
—_ Sun, being, by Prop. 1. never a whole Sign di- TR 
1 ſtant from it, and conſequently ſeldom to be gr. 
j ſeen by us. | 15 CLE in 
> PF De MG 2 node co 

O deſcribe the Phenomena of the Latitude of =" 

Ye the inferior Planets ſeen from the Earth. In 

| Let T 2 7 be the Earth's Orbit, whoſe Plane is off 

the ſame with that of the Ecliptic ; Fig. 5. ] w. 

and let N 2:7 be the Orbit of an inferior Planet, ſit 


for Inſtance Venus, whoſe Plane is inclin'd to 
ttcat of the Ecliptic, and therefore will look like 
2 an Ellipſe, whoſe greater Axe is the Interſecti- 
on of the Planes, or Line of the Nodes N n. 
And while Venus is in &, let the Earth be in ; 
in which Suppoſition Venus will be neareſt the 


other 


Earth, and Retrograde, by Prop. 4. En ar 

„ *Tis evident from Def. 5. Biem. xi. that the of 

Inclination of the Right Line 2 T'to the Plane de 

of the Ecliptic, or the Latitude of Venus in &, pe 

ſeen from the Earth (which is therefore called it. 

the Geocentric Latitude) is meaſured by the Angle th 

2 E, the right Line 2 E, being made Perpen- | 0¹ 

- dicular to the Plane of the Ecliptic. If Venus be p11 O 

ſuppos'd to continue in &, and the Earth tobe err 

at 7, in which Suppoſition Venus is Direct, and tt 

fartheſt off the Earth; the Geocentric Latitude = tt 

of Venus will be the Angle 2 f E, leſs than 2 2 , 7 

almoſt in the ratio of T to f 2, tho' the He- 3 tl 

| liocentric Latitude of Venus be in both Caſes the 1 n 

ij me . „ = tc 
[i And all that has been now ſaid is true of | tl 
1 Mercury as well as of Venus; conſequently al! N 
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other circumſtances being alike, the Latitude 
of the inferior Planets is greater, when they are 
Retrograde and neareſt the Earth; and leſs, 
when Direct and fartheſt off, 6 ci 7 

Moreover if any inferior Planet be moſt Retro- 
grade and neareſt the Earth, and at the ſame time 
in or near a Node, it will be found directly be- 
tween the Obſerver and. the Sun : If it be at a 
conſiderable diſtance from a Node, it will paſs 
the Sun to the Northward or Southward of him. 
In like manner, if it be moſt Direct and fartheſt 
off the Earth, and'be alſo near, or in a Node, it 
will be cover'd by the Sun; if it be otherwiſe 


fixuated, it will paſs on one ſide of the Sun. 


_ PrxoposrTroON V. 

O explain the Phenomena of the Inferior Pla- 
| nets, ariſing from their being opake Spberi- 
cal Bodies enlighten'd by the un. N 
Since all the Planets, as well as the Earth, 

are opake Spherical Bodies, reflecting the Rays 
of Light that fall upon them every way, tis . 

dent that that half of each Planet which is ex- 
poſed or turn'd to the Sun, is enlighten'd by 
it, while the other half, which is turn'd from 
the Sun, is in Darkneſs. And ſince that half 
only which is towards the Earth is ſeen by the 
Obſerver, if we conſider which Face of Venus is 
enlighten'd in this or that Situation in reſpect of 
the Sun, together with the Face that is viſible at 
the Earth, | Fig. 6.] in the Part T of its Orbit 
T'L, it will be manifeſt, that when Venus is in A, 
that is, moſt Retrograde and neareſt to us, it is 
not viſible at all, having its dark Face turn'd 
to us: And if Venus were at the ſame time in 
the Plane of the Ecliptic, that is, in one of its 
Nodes, it would appear like a Spot in the Sun, 
being 
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being ſituated directly between the Earth and 
Sun, by the foregoing Propoſition. 48 


When Venus is got into the Situation B, that 
is, begins to be Retrograde, if view'd from the 


Earth, then ſome Part of the enlighten'd half is 


turn'd towards the Earth, tho' the greater re- 
maining Part belongs to the obſcure half. And 
becauſe Venus is of a ſpherical Figure, and ap- 
pears like a Plane, its enlighten'd Part will ap- 
pear Horned, and thoſe Horns turned towards 
the Weſt, or from the Sun. il 
When Venus is at C, half the enlighten'd Part 
will be ſeen by us, and then it is ſaid to be half 


Full; at D it is ſaid to be Gibbous, above half 
the enlighten'd Part being viſible ; and at E, 


where it is fartheſt off the Earth, and moſt Di- 
rect in its Motion, it appears Full, all the en- 
lighten'd Hemiſphere being turned towards us. 


Venus will have the ſame Variety of Phaſes in 
its Paſſage thro' P, &, and H, that is, it will be 


Gibbous at F, half Full at &, and Horned at H, 


with its Horns turned from the Sun, that is, in 


the preſent Caſe, looking towards the Eaſt, ex- 
actly contrary to what tney were when it was 
at B. | 
For better underſtanding of this Matter, we 
have delineated the ſeveral Phaſes of Venus, 
as they appear to us, in the Scheme | Fig. .]; 


where the ſame Letters are uſed that were in 


the Diagram | Fig. 6. | repreſenting its Phaſis 
when it was in that Part of its Orbit, marked 


by the ſame Letter. 'Thus, in this Scheme, 
{ Fig. J.] at the Point A, it is drawn all ob- 


ſcure, becauſe that is its Condition in reſpect 
of the Earth at T, when Venus is at A, in the for- 


mer Diagram. At B it is repreſented Horned, 


becauſe 


Bock I. of ASTRONOMY: 13 
becauſe it appears ſo, when it is at B, in the former 
Scheme; and look'd upon from the Earth at Z; and 


ſo on in the other Caſes of C, D, Ec. 
The like Phænomena will appear in Mercury, 
regard being had to its Orbit and Revolution. 


el 'SCHOLIUM: 


- - As.the Phenomena deſcribed in the three laſt 
Propoſitions, manifeſtly follow upon the Situation 
and Motion of the Earth, Venus and Mercury, 
laid down in Prop. 1. So it follows on the contra- 
ry, that the Obſervation of theſe Phenomena in 


tdem, eſtabliſhes and confirms that Order and 


Situation, namely, that Venus and Mercury re- 


volve about the Sun, in Orbits, that are included 


within the Earth's Orbit. 
. PROPBOSGITION VII. 
oO deſcribe the Phenomena ariſing from the 
« A - Motion of the Earth, and of the ſuperior Pla- 
nets, Mars, Fupiter, and Saturn. | Fig. S. | 
Let Md be the Orbit of any one of the ſupe- 
rior Planets ;'for inſtance Mars; 4 C & & the Or- 
bit of the Earth, nearer to the Sun. *Tis evident, 
firſt, that this Planet. will not always attend the 
Sun, but ſometimes be diametrically oppoſite to 
it: For the Earth finiſhing. its Revolution ſooner 
than any one of the ſuperior Planets, will ſome- 
times be exactly between the Sun and that Pla- 
net; thus, when Mars is in M, the Earth ma 
be at H; and, to ſpeak univerſally, the An- 
gle at the Earth, made by Lines drawn thence to 
the Sun and that Planet, may be equal to any 
given ONe. : ; 8 
Let us ſuppoſe Mars to be in M, and the Earth 
at the ſame time in 4; Mars in this Caſe will 
appear Stationary, in order to,its being Direct, 
becauſe the right Lines that join the Earth and 
0 * | Planet 
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1 Planet at that moment, will continue parallel for 
| 
l 
| 


ſome ſenſible time ; during the whole of which, 
notwithſtanding, Mars will ſeem to go forwards, 
as uſual, if viewed from the Sun. f 
| While the Earth moves along thro' B, C, D, 
. Ei, Fto &, Mars likewiſe will ſeem to go forwards 
. = among the Fixed Stars, upon a double account; 
firſt, becauſe it really does move about the Sun, 
in conſequentia; and then again, becauſe the Earth 
in the oppoſite Semicircle is carried the ſame 
way, and about the ſame Center: And, conſe- 
quently, Mars in this Caſe: being moſt remote 
from the Earth, and in Conjunction with the 
Sun, view'd from the Earth, will feem to move 
faſter than ordinary, in conſequentia, and become 
Direct. But when the Earth is arriv'd to the 
Point &, in reſpe& of Mars at M, (which ſome 
time or other will happen, tho' Mars be carried 
in the mean while about the Sun, namely, when 
the Earth has almoſt overtaken Mars) Mars will 
again become Stationary, in order to its being 
Retrograde, as it will be ſoon after. For when 
the Earth in its Motion from E, thro' H to 4, 
has paſs'd Mars, and that Planet is ſeen in Op- 
poſition to the Sun, and biggeſt, becauſe neareſt 
the Earth, which is lower and ſwifter, will make 
Mars appear to move in antecedentia from & 
thro' K to P; whereas in the mean while view'd 
from the Sun, it ſeem'd to move as always be⸗ 
fore, in conſequent a. Es 
The like Phænomena will happen to Jupiter 
and Saturn, excepting that Saturn's Retrograda- 
3 tions are more frequent than Jupiter's, and Jupi- 
ter's than Mars's : becauſe the Earth oftner over- 
takes Saturn than Jupiter, and Jupiter oftner than 
Mars, and paſſes between them and the Sun. 
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PROPHOSGSITION VIII. 

O deſcribe the Phenomena. of the Latitude of 
| the Superior Planets ſeen from the Earth. © 
Let the Earth's Orbit be Tr; [ Fig. g.] that 
of any ſuperior Planet as Mars MN, whoſe Plane 
is inclined to that of the Ecliptic, and cuts it in 
the Line of the Nodes N###: Let the Situation 
of Mars and the Earth, to the Sun, be ſuch, as that 
Mars being in &, the Earth may be in T, almoſt 
between Mars and the Sun; in which caſe Mars 
is both neareſt the Earth, and conſequently big- 
geft and moſt Retrograde, as was ſhewn in the 
toregoing Prepoſ. Its Geocentric Latitude will 
be meaſured by the Angle ? 7 E, & E being ſup- 
pos'd perpendicular vo the Plane of the Ecliptic. 
But if, Mars continuing in the ſame Situation in 
its on Orbit, and — having the ſame 
Heliocentric Latitude, the Earth be ſuppoſed in t; 
ſo that the Sun may be between it and Mars; in 
which Caſe, by what foregoes, Mars will be far- 
theſt off, ang conſequently leaſt, and moſt Di- 
rect in its Motion. Its Geocentric Latitude mea- 
ſured by the Angle & 7 E, is much leſs than the 
Angle & TE, in the Ratio of the Diſtances of 
the Earth from Mars, that is, of the right Lines 
TC, g. Thus in whatever Situation Mars and 
the Earth be placed, in reſpect of the Sun, its 
Geocentric Latitude will vary, ſo as, cœteris pa- 
ribus, it will be leſs as Mars is nearer to a Con- 


junction with the Sun, and with its ſwifteſt direct 
Motion; and greater, as it is nearer its Retrogra- 


dation and Oppoſition to the Sun. 

From what has been faid, it is evident, that 

none of the Superior Planets can ever be ſeen 

from the Earth to cover the Sun; tho? any of 

them may be cover'd by the Sun, when it is 

Direct and pretty near a Node. ; 
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45 


P PRoPOSsT'ITION N. 1 
) deſctibe the Phandmena of the Superior Pla- 


I vets, arifing from their being Opake Bodies, 


* 
* 


and enligbined by the Sun. 


Saturn and Jupiter being Opake Bodies, and 
illuminated by the Sun, that half of each Planet 
which is turn'd towards the Sun, (that is, the 


illuminated half) is likewiſe turn'd towards the 
Earth, which is much nearer the Sun, or Center 
of Saturn and Jupiter's Orbit: For, by Prop. 1. 


Jupiter's Diſtance from the Sun is above five 


timezzand Saturn's almoſt ten times greater than 
the Earth's Diſtance from it. | 

In Mars indeed it is ſomething different : For 
the Diſtance of Mars from the Sun being but 
half as much more as the Earth's Diſtance from it; 


its enlighten'd Hemiſphere, towards the Sun, 
is not always, as to Senſe, turn'd towards the 
Earth: [ Fig. 16. | Let T be the Earth's Place in 


its Orbit T, *tis evident that Mars being at 4 


or B, in Conjunction or Oppoſition to the Sun, 


has the ſame Face towards the Earth, as it has 
towards the Sun, that is, its enlighten'd one, and 
conſequently appears Full ; but in the Situation 
of the Points D or C, (when the Angle $$ CT, 


or D is greateſt, or when #TC, or 3 T'D 


is almoſt a right Angle) neither is the whole 
enlighten'd Face ſeen, nor is that Face that is ſeen 
entirely illuminated, but it appears Gibbous, the 
Light being deficient a little towards thoſe Parts 


| that are turn'd from the Sun. > 


SCHOLIUM. 
As the Phenomena deſcribed in theſe three 


_ laſt Propoſitions follow from the Order and Mo- 


tion of the Earth, Mars, Jupiter, and Saturn, 


laid 


* 
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laid down in Prop. 1. So on the contrary, the 
Obſervations of theſe Phenomena ſettle and eſta- 
bliſn that Order. | 


X PrxoPOSITION | X. | 
h : 4 5 PESTS Hor: 
O deſcribe the Phenomena of the Motion of 
1 Comets, ſeen from the Barth. . 
Becauſe different Comets have different Or- 


bits, which can't be determin'd till ſome Obſer- 


vations have been made about them: "Tis evi- 
dent that during their Deſcent, near their Peri- 


helium, or while they are in that Part of their 


Orbit, which is within the Region of the Pla- 
nets, they have the ſame' Phenomena as the 
Planet next them has; Regard being had to the 
Velocity and the Inclination of the Orbit of the 
Comet. | £1 | 
_ Conſequently a Comet's apparent Path among 
the Fix'd Stars, will be nearly a great Circle ; 
excepting that its Deviation from it, on this or 


that ſide, will be like that of a Planet, according 


as the Motion of the Earth is,. which carries the 
Spectator along with it. For were the Comet 
view'd from the Sun, it would deſcribe a great 


Circle among the Fix'd Stars accurately. But its 


Deviation from one, on the account of the Mo- 
tion of the Earth round the Sun, will not be ve- 
ry ſenſible in a ſmall Space of Time. 

If the Earth happens to be betweeh the Sun 
and a Comet, that moves in conſequentia, the 


Comet will be Retrograde; for the Earth moves 


ſo much the ſwifter, as the right Lines that con- 


nect the Earth and Comet converge towards 


the Region beyond the Comet :. But it the 
Earth moves ſlower, then the Comet's Motion, 
by taking away the Earth's Motion, likewiſe be- 
comes flower. But if the Sun be between the 

C | Earth 


+ 
4 
ö 


carried, proportionably greater. 
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Earth and the Comet, the Comet's Motion will 
appear ſwifter than really it is. On the contrary, 
the Comets that move in antecedentia appear to 


go ſwifter than they really do, when the Earth 
is between them and the Sun; and ſlower, or per- 


haps moving according to the natural Order of 


the Signs in appearance, when the Earth is ſitu- 


ated on the contrary ſide. All this happens from 
the Motion of the Earth, and its various Poſiti- 
ons, as it does in the Planets; that are, accord- 
ing as the Motion of the Earth falls in with, or 
is contrary to their Motion, ſometimes retro- 
grade, ſometimes appear to move ſlower, ſome- 
times ſwifter than they really do; as has been 
ſhewn in Prop. 4. and 7. Thoſe Phænomena will 


be moſt ſenſible, and eaſily taken notice of, a lit- 
tle before the Diſappearance of the Comet; its 
apparent Motion being at that Time ſlower, and 


the Earth's Motion, with which the Spectator is 

The Latitude of a Comet likewiſe, ceteris 
paribus, is varied by the different Situation of the 
Earth, it being greater in Oppoſition ; but in 
Conjunction greater or leſs, according as the Co- 
met is between the Earth and Sun, or the Sun 
between the Comet and the Earth; as was demon- 
ſtrated of the Planets in Prop. 5. and 8. 
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SECTION II. 


Of the Direction of the Forces which re- | 
tain the Primary Planets in their Orbits. 
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5 TION XI. 


Fa Body be moved according to the Divettiin of | 
any given right Line, as AZ, | Fig. 11. ] aud 

at the ſame time. be urged by a Centripetal Force 
tending towards ſome given immoveable Point, as 8, 
ſituated without the aforeſaid right Line ; the Line 
deſcribd by the Body will be a Curve, and Concave 
towards S, lying all of it in the ſame immoveabls 
Plane paſſing thro the right Line A J aud the Point 
S: Andthe Areas contain'd under any Portions of the 
Curve and Right Lines drawn to the Center S, are 
to one another, as the Times wherein thoſe Portions 


of the Curve were deſcribed. 


Let the Time be imagin'd to be divided into 
equal Parts ; in the firſt of which let the Body, 
by its Vis info ta alone, deſcribe the Line AB, a 
Part of AZ, along which it endeavours to move; 
in the ſecond Part of Time it will deſcribe the 


„Line Bc, equal to the former AB, it nathing 


hinders it. For by the firſt of the principal Laws 
of Motion, all Bodies once put into Motion, 
and not meeting with any Impediment, will con- 
tinue to move uniformly on, in the fame right 
Line they were firſt moved in. But when the 
Body is arrived at the Point B, let us ſuppoſe a 
Centripetal Force tending to the Point &, to act 
upon it 55 a ſingle Impulſe, ſo that, had it been 
impell'd only by that Impulſe, it would in the 
ſecond Part of Time * the — S 
Now 
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Now, if thro' c you draw the Line c C parallel 
to BG, and thro' C the Line C & parallel to Be,; 
it is manifeſt that the Body acted upon by both 
Impulſes at once, will arrive, in the ſecond Part 


Line BC. For it is well known in Mechanics, 
that a Body deſcribes the Diagonal of a Paralle- 


* 


ot Time, at the Point C, deſcribing the right - 


logram, when both the Forces are combin'd, in 


the ſame Time as it would do the Sides, with 
the Forces ſeparated. *Tis certain likewiſe that 


the right Line BC is in the Plane of the Paralle- 
lkegram BG Cc, both of whoſe Sides B & and Bc 
are in the Plane of the Triangle 4 SB, that paſſes 
thro” the Center & of. the Centripetal Forces, and 
the immoveable right Line AZ. Beſides, the 
[Triangles SCB, Sc B are equal, becauſe they are 


upon the ſame Baſe BS, and between the Paral- 
lels SB, Cc; but SSB, SBA are equal, becauſe 
their Baſes are equal, and Height the ſame : Con- 


ſequently SBA, SCB alſo are equal. By the 
ſame Method of reaſoning, if in the third Par- 
ticle of Time, a Body deſcribes any other right 
Line, as CD; it may be proved that the Trian- 


gle SCD is cqual to the Triangle & BC, and that 
the right Line C is in the ſame Plane with the 


right Lines SB, BC; that is, in the ſame with 
that which is drawn thro' the right Line AB, and 
the Point S. And ſo we may go on, as long as 
the Motion is continued, and in equal 'Times the 


Area deſcribed by Radii drawn to the immovea- 
ble Center of the Forces, will be equally in- 


creaſed ; and by compounding, any Sums of A- 
reas, are to one another, as the Times wherein 
they are deſcrib'd. And the Line deſcrib'd by the 


Body will be in an immoveable Plane, and it will 


be Concave towards &, becauſe every ſtrait-lined 
Part of it, as BC, declines from AB, towards 
5 the 


. 
— 
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the Center. If you ſuppoſe the Number of the 
Triangles, SAB, SBC, SCD to be augment- 
ed, and their Breadth to be diminiſh'd in infini- 
tum; their Baſes, AB, BC, CD, will form a 
Curve Line, concave towards the ſame Parts, 


and lying in the ſame Plane; and the Centripe- 


tal Force, whereby the Body is continually drawn 
off from the Tangent of that Curve, which the 
Baſes of the Triangle meaſure , which before 
ated as it were by ſtarts, and at equal Intervals 
of Time, now acts conſtantly : And any Areas 
thus deſcrib'd, SAB C, SABCDES, will be, 
as before, proportional to the Times of Deſeri- 
ption. & E., D. N | 


ProPposITION XII. 


Body moved in a Curve Line ABCD, 
Fig. 12. ] deſcrib'd upon a Plane, and con- 
cave towards the [aine Parts, and by a Radius drawn - 
to S, an inmoveable Point ſituated in the ſame Plane 
towards the Concavity of the Curve, deſcribing Areas 
proportional to the Times, is urged by a Centripetal 
Force tending to the Point 8. 1 
Let a Curve bc imagined to be divided into 
the Parts AB, BC, CD, Ec. differing as little 
as can be from right Lines, ſo as to be deſcribed 
in equal Particles of Time: Let the Centripetal 
Force likewiſe be conceiv'd to act only in the 
Points B, C, D, Ec. by ſtarts, as in the forego- 


ZI 


ing Prop. Let AB be produc'd to c, ſo that 
Bo be equal to AB; in like manner BC to 4, 
till C4 be equal to BC; and fo on. The Tri- 
angle SA will be equal to SBC, becauſe, by the 


Hypotheſis, the Areas deſcribed are proportional 
to the Times; and SA is equal to SBr, be- 


g 1 cauſe AB is equal to BS.: Wherefore SBC 
FE equal to SBc; and conſequently (by 39 
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Elem. 1.) Cc is parallel to SB. Moreover, the 


Body moved along AB, in the firſt Particle of 
Time, by its Vs inſita alone would deſcribe Be, 
in the ſecond ; but jt really does deſcribe B C, 


in that ſecond Particle of Time: Wherefore the 


Force acting in the Point B, in Conjunction 


with the Vis inſita to carry the Body along BC, 
js directed according to a right Line parallel to 
Cc; that is, according to the right Line B. 
After the ſame manner, the Force acting in 
the Point C, and in Conjunction with the Vis 
inſita, (by which alone the Body would deſcribe 
the Line Cd in the third Particle of Time) car- 
rying it. in the ſame Time along CD, is direct- 
ed according to a right Line parallel to 4D, that 
is, according to C: But the right Lines B S, 
CS, &c, tend towards the Point S. Therefore 
the Centripetal Force, that draws the Body off 
from the Tangent of the Curve, acts — 


right Lines tending to the immoyeable Point &. 


PxoPoSsITION XIII. 
"HE Forces whereby the Primary Planets, Mer- 


rom rectilineal Motions, and kept in their 
Orbits, do not tend towards the Earth, but towards 
the Sun. | | 

For every Body that is moved in a Curve 


Line, is turn'd off from its rectilineal Courſe, 


that jt naturally affects, by ſome Force or o- 


ther. And it is evident that the Planets move 


in Curve Lines, becauſe their Orbits return in- 


to themſelves. Now this Force exerciſed upon 


them, does not tend towards the Earth, becauſe 
the Orbits of two of them, viz. Mercury 
and Venus, do nat ſurround the Earth, as is evi- 
| 2 - ——oonn 


cury, Venus, Mars, Fupiter, and Saturn, are 
raw off f 


f | : : s : : : dy. 
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dent from Prop. 6. and conſequently they are 


not concave in all their Parts towards the Earth : 
Wherefore ( by Prop. 11.) the Forces by which 


Beſides, the Primary Planets, vz. Mercury, 
Venus, Mars, Jupiter and Saturn, in reſpect of 


BC, the Earth, do ſometimes go forwards from the 
| to Weſt towards the Eaſt, ſometimes backwards 
BS. from the Eaſt towards the Weſt, and ſometimes 
> in ſtand ſtill: But the Time in which theſe Moti- 
Vis ons are perform'd, always flows uniformly ; and 
Tribe therefore the Areas deſcrib'd by a Radius drawn 
car- to the Earth from any Planet, are not proportional 
ect- to the Times of Deſcription. Conſequently, by the 
that foregoing Propoſition, each Planet is urged and re- 
B , tain'd in its own Orbit, by a Force that does not 
fore tend towards the Earth. 5 . 
7 off But (from the Scholinm to Prep. 6.) tis certain, 
ong that the Orbits of Mercury and Venus ſurround 
E101 the Sun ; which is evident likewiſe concerning 


the Orbits of Mars, Jupiter and Saturn, from 
the Scholium to Prop. 9. And all the Planets, in 
reſpect of the Sun, are always Direct in their 
Motion, as is evident from Prop. 1. and that al- 
moſt uniformly, juſt as the Time flows. *Tis 
true indeed, the Planets move a little ſwifter in 
ſome Points of their Orbits, even in reſpect of 
the Surf; than in others, as ſhall be ſhewn here- 
after; but the Difference is ſo ſmall, as it may 
here very well be neglected. But even at that 
Time the Planets are nearer to the Sun, (for their 


and their Motion is ſo temper'd, as that the A- 
Teas deſcribed by Radii drawn to the Sun, are 
* augmented, as will appear in the Sequel 
of this Subject. And conſequently the Forces, 
whereby the Planets are drawn off from recti- 


they are kept in their Orbits, do not tend to it. 


Orbits are not Circles concentric to the Sun ;) 


C4 —__ _ lineal. 
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lineal Motions, and retained in their Orbits, tend 
tobards the Sunn. . 


| PROPOSITION XIV. 

HE Forces, hy which the Comets are kept in their 
hs Trajettories, (if they be Curvilineal) do not 
tend towards the Earth, but towards the Sun. 

I the Trajectories of the Comets were right 
Lines, they would not be urged by any Forces at 
all tending to a Point ſituated without thoſe right 

Lines ; for if they were, they would be drawn 

| off from a Rectilineal Motion, and made to de- 

b ſcribe Curvilineal Orbits, by Prop. 11. And if 
the Trajectories of Comets were Curve Lines, yet 
the Force by which any ſuch Comet is retained 
in that Curve, is not directed towards the Earth, 

| becauſe the Earth is generally found to be with- 
out the Plane of that Trajectory: Beſides, in re- 
ſpect of the Earth, the Comet is ſometimes Di- 

4h rect, and ſometimes Retrograde, and conſequent- 

' ly does not deſcribe the Areas proportional to the 

| Times: Yet in reſpect to the Sun, which is pla- 

ced in the Planes of all their Trajectories, a Co- 
met always moves the ſame way, and the nearer 
the Sun, the ſwifter ; ſo as to increaſe its Area, 
which is equably deſcribed by a Radius drawn from 
the Sun: Wherefore what was aſſerted, is evident 
from Prop. 12, 8 as 
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Of the Order, Diſtances, and Periods of the 
Secondary Planets revolving about their 
Primary ones, and their Phænomena; to- 
gether with the Direction of the Forces, 
whereby they are kept in their Orbits. 


— — 


ProPOSITION XV. 


O deſcribe the Order, aud Periods of the Se- 
*condary Planets, or Satellites, about their Pri- 
mary ones, and Diſtances from them. 1 
Of the Six Primary Planets, that revolve a- 
bout the Sun, there are but three, as we are ſure 
of by Obſervation, that have Satellites, or- others 
ka Za about them, hence called Seconda 
Planets. 'The Earth has one, viz. the Moon, 
compleating its Revolution in nearly 27; Days, 
and diſtant about 60 Semidiameters of the Earth 
from it. 1 

Jupiter has four; the innermoſt of which revolves 
about in 13 of a Day, at the Diſtance of 5; Semi- 


diameters of Jupiter from his Center; the Second 


revolves in 35 Days, at the Diſtance of 9 Semi- 
diameters ; the Third in 7; Days, at the Diſtance 
of 147 Semidiameters ; the Fourth and outermoſt 
revolves about Jupiter in the Space of 163 Days, 
being diſtant from his Center 257 Semidiameters 
of Jupiter. pl. 
Saturn has five; of which the innermoſt re- 
volves in 14 of a Day, at the Diſtance of 45 Semi- 
diameters of Saturn, from the Center of Sa- 
turn; the Second, in the Space of az Days, # 
- | | the 


— 
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the Diſtance of 53 Semidiameters of Saturn; the 
Third, in 4 Days almoſt, at the Diſtance of 8 Se- 
midiameters; the Fourth, in almoſt 16 Days, at 
the Diſtance of 18 Semidiameters; the Fifth, 
and outermoſt of all, that has been diſcover'd, 
revolves about Saturn in 793 Days, at the Di- 
ſtance of 54 Semidiameters from the Center of Sa- 
turn. And the Solar Syſtem, as far as it has been 
hitherto diſcover'd, is of a Figure much like that 
in the Scheme | Fig. 13.]J. But between the two 
Laſt Satellites of Saturn, Huygens ſuſpects there 
revolves a Sixth, the Space being larger than it 
ſhould be, in proportion to the Diſtances of the 
others ; or that there are others beyond the Fifth, 
revolving about Saturn, but not ſeen as yet, b 
reaſon of their Obſcurity. 'The Planes of the 
Orbits of the Satellites of the ſame primary Pla- 
net, do not coincide, but are variouſly inclin'd 
to one another, and to the Plane of the Orbit of 
the primary one. | OT 

Saturn likewife is encompaſs'd with a thin plain 
Ring, that does not touch the Body of Saturn at 
all, but is like an Orbicular Arch, built round 
about it. The Plane of this Ring is at this Time 
nearly parallel to the Plane of the Earth*s Equa- 
tor. And from the various Poſition of at, in re- 
ſpect of the Sun illuminating it, it being opake 
; _ _- like a Planet, and in reſpect of the Eye of the Spe- 
Ctator, do ariſe the various Phaſes of the Anſæ of 
Saturn, which have ſo long baffled the Attempts 
| of Aſtronomers, with their various Shapes. This 
was firſt diſcover'd by Huygens, in his Syſtema Sa- 
turnium, printed 1659. The Diameter of the 
y Ring is to the Diameter of Saturn, asg to ; 

and the Breadth of the Space between the Ring 

and the Body of Saturn, is equal to the Breadth 
| of the Ring it ſelf. | 
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PROPOSITION XVI. 


| O deſcribe the Phenomena of the Moon view'd 
£ 13 from the Earth, as it is a Spherical Body il- 
juminated by the un. | 
The Moon, being a ſecondary Planet, accom- 
panies the Earth 7, in its Orbit R 7, | Fig. 14. 
during its Revolution about the Sun, and moves 
in its Orbit the ſame way as the Earth does, 
from A thro* B, C, c. The Plane of the 
Moon's Orbit does not coincide with the Plane 
of the Ecliptic, but is inclin'd to it by an Angle 
of about five Degrees ; and the common Inter- 
ſection of theſe Planes is the Right Line 88 ; 
the Points $2 and , where the Orbit of the 
Moon interſects the Plane of the Ecliptic are 
calPd the Nodes of the Moon, as was ſaid be- 


fore, when we treated of the primary Planets. 


So that the Orbit of the Moon is to be conceiv'd 


as being half\above and half below the Plane of 


the Ecliptic, the former $2 A & to the North, 
the latter 88 K & towards the South, and on 
that account is repreſented in the Diagram, in 
the Figure of an Ellipſe. One of the Nodes, 
viz. that where the Moon, having paſs'd the E- 
- Cliptic, is aſcending into the Northern Part, is 

call ſhe Dragon's Head, and is mark'd thus $8 ; 

the other, the Dragon's Tail, mark*d thus G. 
The Line of the Nodes does not always keep 


the ſame Poſition, but moves with an angu- 


lar Motion, ſo that the Nodes go back- 


wards, iz. $2 thro' G, F, &c. and & thro". 
C, B, Ec. contrary to the Order of the Signs, 


compleating a Revolution in about 19 Years. 
From whence *tis certain, that the Moon can 
never be found in the Ecliptic above twice in 
jts Monthly Courſe, viz. when it is PRI 

2 * Node 
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Node 8g or © ; all the reſt of the Time it is 


4 


wide of it; and the Latitude of the Moon's De- 


3 is meaſur'd by the Angle wherewith the 
Right Line connecting the Center of the Moon 


and Eye is inclin'd to the Plane of the Ecliptic, 
(by Def. 5. Elem. 11.) agreeable to what was ſaid 
above concerning the primary Planets, Prop. 5. 
A 5 | 


nets, being an Opake, Rough, Spherical Body, 
reflecting the Sun's Rays falling upon it; tis 
evident, that half of it being turn'd towards the 


Sun is illuminated and bright, while the other 


half, that is turn'd from the Sun, continues ob- 
ſcure and dark. Now only that Hemiſphere of 
the Moon, which is towards the Earth, can be 
ſeen by an Inhabitant of the Earth viewing it : 
Conſequently the Phaſes of the Moon will be va- 
rious, according to the various Habitude of the en- 
lighten'd Hemiſphere to that which is turn'd to- 
wards the Earth; as was ſhewn in the like Caſe 
concerning the inferior Planets, in Prop. 6. 

If the Moon be'at A in the Scheme | Fiz. 14. ] 
the Point juſt oppoſite to the Sun, which we will 
ſuppoſe to be at , and the Earth in T'; *tis 


evident that the whole enlighten'd Face of the 


Moon is turn'd towards the Earth ; this Phaſis 


or Appearance of the Moon is call'd the Full 


Myon. If the Moon be remov'd to B, the Sun 
and Earth continuing as they were , Part of the 


bright or illuminated half will be turn'd from the 


Earth, and Part of the obſcure or darken'd half 
turn'd towards it; hereupon the Moon will not 
appear Full, but Gibbous, or a little deficjent 
or obſcure on the oppoſite Part to the Sun. The 
Moon arriving to the Situation C, where the An- 
gle CT'S is a right one, and the Moon in * 
0 


Beſides, the Moon, like the other primary Pla- 
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of its Juadratures, half the Hemiſphere which 


is turn'd to the Earth is illuminated, and half 
dark; on which account it will appear a half 


Moon, and in the Decreaſe. The Moon having 
got farther, for inſtance, to P, but a little of its 
Face that is turn'd to the Earth is enlighten'd, 


much the greater Part remaining dark : and 


conſequently the enlighten'd Part will appear 


Horned, by reaſon of the Moon's really ſpheri- 
cal, but apparently plain Figure; and the Horns 


will appear turn'd away from the Sun, as ſhall 
be demonſtrated in the next Propoſition, or in 
the preſent Caſe, turned towards the Weſt. At 


length when the Moon is come to the Point &, 


or into Conjunction with the Sun, all the en- 
lighten'd half is turn'd from the Sun; and con- 
ſequently the Moon will be entirely dark, and 
become a New Moon; becauſe it will ſoon ap- 


pear at F, and ſhew its Horns ſtill turn'd from 


the Sun, and conſequently now towards the 
Eaſt. Afterwards being upon the Increaſe, it 
will appear a half Moon at E, at the End of the 
firſt Quarter, as it did in C at the Beginning of 
the laſt Quarter; then Gibbous at E, till it be- 
come Full again at 4 For greater Evidence and 
Clearneſs of the whole, we have drawn the Ap- 
pearance of the Moon ſeen by us, correſponding 
to every diſtinct Situation, and plac'd it juſt be- 


- hind it. 


'Tho' the Time of the Moon's Revolution a- 
bout the Earth be but 27 Days 73 Hours, which is 
call'd a Periodic Month, yet by a Month, or en- 
tire Lunation, is commonly underſtood all that 
Space of Time that it ſpent from one New Moon 
till the next following one, which is greater than 
the abovementioned Periodic Month; becauſe 
during the Periodic Month, in which the 

I pn Moon 
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Bo 
Moon departing from the Point K, where the Sin 
New Moon now happens, returns to it again; ere 
the Earth itſelt, together with the Moon its At- enli 
rendant, is carry'd an entire Sign in conſequentia; and 
ſo that the ſaid Point of the Orbit of the Moon 45 
K, is more towards the Weſt of the Sun; and miſ 
conſequently the Moon is not yet arrived to a whi 
Conjunction with the Sun; bur ſtill lacks 2 Days whi 
and 5 Hours to it, or to be become New; that is, DI 
to finiſh an entire Lunation, and all the ſeveral _ Her 
Changes of its Appearances ; which Space of Plar 
Time is call'd a Synodic Month, and conſiſts of ſcur 
29 Days 121 Hours. the 
A little before and after a New Moon, viz. as t 
when the Moon is in Dor F, the Rays of the Poir 
Sun reflected from the Earth, meeting with the thoſ 
Moon, are. the Cauſe of that faint Light by penc 
which the reſt of the Moons Disk beſides its Horns, and 
is then render'd viſible. But when the Moon is face 
got out of the way of the Reflexion of the Earth's two 
Light, that faint Light vaniſhes, being falſly Sup- eſt B 
pos'd native. | | | AD. 
| Nt” - BD, 
PROPHOSITION XVII. F. 
1 O draw the Phaſis or Appearance of the Moon whic 
[4 at any given Time. ey: 8 the r 
Loet a Plane, the ſame with that of the Scheme, to th 
for inſtance, paſſing thro* the Centres of the the e 
Sun, Earth and Moon, cut the Globe of the ones 
Moon, and let its Section be the Circle ADBC, Angl 
[ Fig. 15.]. Let CD be a Diameter of the Circle, = conſe 


and SL a right Line connecting the Centres of Ang! 

the Sun and Moon, perpendicular to it; and 

AB another Diameter to which the right Line 

TL, connecting the Centres of the Earth and. 

Moon, is perpendicular. From the-Point D, let 

fall DE perpendicular to 4B, meeting it in E. 
2 Since 


oon 


the 


the 


ele, 
ine 


B. 
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Since a Plane perpendicular to that of this Scheme 


erected upon the — * CD, ſeparates the 
enlighten'd Hemiſphere from the obſcure one; 
and a Plane erected after the ſame manuer upon 
A B, ſeparates the viſible from the inviſible He- 
miſphere : 'That Part of the Globe of the Moon 
which is common to both Hemiſpheres, vis. that 
which lies between the Planes erected upon AL, 
D L, will be the enlighten'd Part of the viſible 
Hemiſphere ; and that which lies between the 
Planes erected upon BL, DL, will be its ob- 
ſcure or dark Portion. Both theſe Portions of 
the viſible Hemiſphere, as well the enlighten d. 
as the obſcure, are terminated in the oppoſite 
Points of the Globe of the Moon; viz. 
thoſe in which a right Line raifed froni L, per- 
pendicular to the Plane of the Circle AC BD, 
and produced both ways, meets the Moon's Sur- 
face; that Line being the common Section of the 
two Planes erected upon AB, and CD- The great- 
eſt Breadth of theſe Parts is in the Circumference 
ADB ; the Breadth of the obſcure Part being 
BD, and of the enlighten'd AD. 

The Arc BD is the Meaſure of the Angle BLD, 
which is equal to the Angle SL Z, contain'd under 
the right Lines drawn from the Center of theMoon 
to the Centers of the Sun and Earth. For if to 
the equal Angles SL D, TL B, (becauſe right 


ones) you add the common Angle DL, the 
== Angles mention'd will be formed, which are 
WE conſequently equal. But at any given Time, the 
Angle of the Moon's Diſtance from the Sun, 


viz. LS is known ; conſequently SL T its 
Complement to two right ones : For the Diſtance 


= of the Moon from the Earth is ſo ſmall, in com- 
=& pariſon with the Diſtance of the Earth from the 
Fun, that the right Lines T, LS, drawn from 


f the 


| * | R 
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the Earth and Moon to the Sun, may be taken for 
Parallels. Make therefore, as twice the Radius is to 
the verſed Sine of the Angle TL, ſo is BA to 
BE. And ſince the Hemiſphere of the Moon 
ſeen from the Earth, appears like a Cirele, (as it 
happens to any Globe ſeen at a great Diſtance, 
according to the Principles of Optics.) Let AN 
| Fig. 16. | be a Circle repreſenting the Disk of 
the Moon, the ſame with the former, made by 
the Section of the Moon with a Plane erected 
upon AB, and conſequently deſcribed upon the 
ſame Centre L, and with the ſame Diameter. 
Then becauſe the Moon is at a great Diſtance, 
each Point of its Disk will be ſeen by right Lines 
parallel to the right Line LT. And therefore 
BE, and AE, will be the greateſt Breadths of 
the enlightened and obſcure Parts in the Disk of 
the Moon. Draw the Diameter MN perpendi- 
cular to AB ; and deſcribe the Semi-Ellipſe 
ME N, whole greater Axe is MN, and leſſer 
equal to twice LE, then MANE M will be the 
enlighten'd Part, and MBNEM the obſcure 
Part of the Moon's Disk AMBN. - 

For the Boundary of Illumination on the ſphe- 
rica! Surface of the Moon, by the Sun, which 
is likewiſe ſpherical, is a Circle; and this Cir- 
cle ſeen at a Diſtance obliquely, appears like an 

Ellipſe, whoſe Semiaxes are LM, LF, as is evi- 
dent from Optics: For tis ſeen obliquely by TL, 
becauſe the right Line & L perpendicular to its 


Plane, is inclined to LT; excepting when the A 


Moon is Full, where they coincide: 
In the Conſtruction of this Problem, we ſup- 
pos'd half the Globe of the Moon to be enlight- 


en'd, and half likewiſe to be ſeen by a Specta- Wl 


tor, tho? neither of the Suppoſitions are rigo- 
rouſly true: For the Sun being bigger than the 
2 Moon 
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the Heavens, the Line BA, to which MN con- 
necting the Horns is perpendicular, muſt be, 
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Moon, more than half the Moon is enlighten'd; 


and the Spectator not being at an infinite Di- 
ſtance from the Moon, its entire Hemiſphere 
will not be viſible. But the Difference in both 


theſe Caſes is ſo ſmall; that it may very well be 


neglected: And the Phaſis or Appearance of the 
Moon delineated as above, ſufficiently agrees with 
That the Scheme may agree with 


plac'd in ſuch a Situation, as that it may tend 
directly to the Sun: For the right Line L 4; ſeen 
from 7, coincides with the Line L & tending to 
the Sun. | | 

The Phaſes of the inferior Planets and Mars, 
deſcribed in Prop. 6. and 9. are to be delineated 
after the ſame manner : But then if L repreſents 
a primary Planet, the right Lines Ts, LS are 
ſenſibly inclin'd to one another, and form a Tri- 
angle. | 


PrzxoposITION XVIII. 

TO explain the Phenomena of the Moon pro- 
_ ceeding from the Opacity of the Earth caſting 

a Shadow ; that is, to explain an Eclipſe of theMoon. 
The Earth is an Opake Body; therefore 
when it is enlighten'd by the Sun, it caſts a Sha- 
dow towards thoſe Parts which are turn'd from 
the Sun: And this Shadow muſt always be in 


the Plane of the Ecliptic ; fince both Sun arid 
Earth are always there. | Fig. 27.] If at any 


Time, the Moon when Full, ſhould happen to 
be in the Plane of the Ecliptic, or pretty near 
it, (which it will be, when the Full Moon hap- 
pens in or near a Node; ) *tis evident the Moon 


Will be immers'd in the Shadow; and conſe- 
quent]y deprived of the Sun's Light, by _ 


CV 


— 


r 


it ſhines ; that is, it will ſuffer an Eclipſe, which 
will be Total or Partial, according as the whole 
or only a Part of the Moon's Body enters the 
Shadow. fir | 
The Earth's Shadow terminates at laſt in a Point, 
and does not reach fo far as Mars: For Mars, tho? 
in the Plane of the Ecliptic, and oppoſite to the 
Sun, is not eclipſed ; which it neceſſarily would 
be, if it were immers'd in the Earth's Shadow. 
For Mars is an opake Body, as is ſhewn in 
Prop. 9. *Tis evident at firſt fight, from this Fi- 
gure of the Earth, that the Sun is bigger than 
the Earth: For if the lucid Body be juſt as big 
as the opdke one, the Shadow will be equally 
thick and cylindrical ; but if the lucid Body be 
leſs: than the opake, the Shadow indeed will be 
conical, but growing bigger and bigger; and the 
fatther off it is from the opake Body, the thicker 
it is; and in both Caſes will be extended infinite- 
ly. As the Sun is bigger than the Earth, fo 
the Earth is bigger than the Moon ; becauſe the 
Moon ſometimes is totally eclipſed by entring in- 
to the Earth's Shadow ; but the Earth's Shadow 
is much ſmaller where the Moon enters it, than 
nearer to the Earth, as is evident from what has 
been already ſhewn. | | 


Let the Circle VM | Fig. 18. ] repreſent the 


tranſverſe Sectſon of the Earth's Shadow, where 
it croſſes the Moon's Orbit. Let LF be the Or- 
bit oß the Moon, and CE the Ecliptic. The Du- 
ration of ſome Eclipſes is found to be ſo long 
(for inſtance, four Hours, ) as to let the Moon 
go the Length of three of its Diameters in the 


Shadow totally eclipſed. This happens when 


the Centre of the Moon paſſes thro? the Centre 
of the Earth's. Shadow, or Circle VM: And ſuch 


 Some- 


an Eclipſe is called à Total and Central Eelipſe. f 
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Sometimes the Moon is not arrived at, or has 
already paſſed the Node, when it is entring the 
Earth's Shadow : Notwithſtanding, if at that time 
it be near the Node, it will be totally immers'd, 
and conſequently there will happen a total, tho 
not a central Eclipſe, nor of ſo long a Continu- 
ance ; | Fig. 19. J. For the way of the Moon 
thro? the Earth's Shadow, is leſs than the Dia- 
meter of the Shadow, becauſe it does not paſs, 
thro” its-Centre, ; and conſequently, ceteris pari- 
bus, will be paſs'd thro* ſooner. - e hs 
But if the Node be ſo far off from the Sha- 
dow, [Fig. 20.] as that only Part of the Moon is 
immers'd, as; it paſſes in its Orbit, near the, 
Shadow; the Eclipſe will be a partial one, and is 
faid to be of ſo many Digits as there are twelfth. 
Parts of the Moon's Diameter. darken'd, when 
the Eclipſe is greateſt. For the Diameter of the. 
Moon (like any other Integer) is imagin'd to be | 
divided into twelve Parts or Digits: Which is to 4 
be underſtood likewiſe of any other Phaſis of an 
Eclipſe. In all theſe Caſes, in the Beginning 
of an Eclipſe, the Moon enters the Weſtern Part 
of the Shadow, with the Eaſtern Part of her 
Limb ; and in the End of it, ſhe leaves the Ea- 
ſtern Part of the Shadow with the Weſtern Part 
of her Limb; and all the intermediate Time is 
reckon'd into the Eclipſe; but only fo much 
into the total Immerſion, as paſs'd while the 
Moon was totally in Darkneſs. The Eaſtern 
Limb of thg Moon, in its Acceſs to the Shadow, 
does not enter preſently into the thickeſt Dark- 
neſs ; but grows darker. and darker, as it a 
proaches, nigher to the Shadow z and this ariſes 
from the Penumbra, which always accompanies 
a Shadow which is made by a lucid Body, that 


is, ſeen under, a ſenſible Angle. And this Pe- 
D 2 numbra 
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numbra is diffuſed all about the Shadow. Let & 


be the Sun, [Fig. 21.] E the Earth; and let right 


Lines be drawn juſt as in the Scheme: All about 
the Shadow T MR, where Part of the Sun's 


Light can come, a Penumbra VT, MR N is 


ſpread, where ſome. Part of the Sun's Light is 
ſtopp'd by the Earth. And this Penumbra is 


darker towards TV, RM, which are the Extre-' 


mities of the perfect Shade; becauſe fewer Rays 
can arrive thither, the Portion of the Sun (from 
which they are emitted) being ſmaller ; but leſs: 
_ obſcure towards T P, RN, where more Rays can 


reach: And beyond which Limit, all the Rays of 


the Sun can reach without any Hindrance at all, 
and enlighten according to the degree of their 
Vigor. | | 

The red Colour, that the Moon in the Middle 
of the compleat Shadow is affected withal, and 
makes her look like a Brick, (for in ſome Eclipſes 
the Moon entirely diſappears,) ſeems to ariſe from 
the Sun's Rays, either retracted in their Paſſage 
thro* the Earth's Atmoſphere, or reflected by 


ſome Particles of Matter flying about the Earth's 


Shadow, to the Moon ; or from the Light of the 
Stars, or all theſe taken together. | 
Some Kind of Eclipſe or other of the Moon, 
happens generally twice a Year at leaſt : For 
there being two Nodes in which the Moon's 
Orbit croſſes the Ecliptic, and they moving in 
- antecedentia, (by Prop. 16.) and the Sun appear- 
ing to go thro” the Ecliptic in conſequentia, (b 
Prop. 2.) the Sun muſt meer one or other of theſe 
Nodes twice cvery Year ; and conſequently, the 


Earth's Shadow muſt perſonate, as it were, the 


Moon's Orb in the other Node. If therefore a 
Full Moon happens juſt at that Time, the Moon 
muſt neceſſarily be totally and centrally Eclips'd, 


as 


Half Year. 
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as was demonſtrated above. And tho? a Full 
Moon does not happen juſt as the Sun and Node 
meet; yet the Inclination of the Orbit of the 
Moon to the Ecliptic, and the Depth of the 
Earth's Shadow is ſo great, that tho the Full Moon 
is diſtant above ten Days from the aforeſaid Time, 
before or after it, and it can be diſtant but fifteen 
Days, yet the Moon will. ſcarce get clear of the 


Shadow. But if the abovementioned meeting of 


the Sun, and Lunar Node, happens on the very 
Day of the New Moon, or a Day or two before 
or after, which can happen but ſeldom ; the 


Moon will be far enough off from the Earth's 


Shadow in the next Full Moon, whether pre- 
ceding or following, and fo will eſcape an E- 
clipſe ; conſequently there wifl be no Eclipſe that 


PxroDpasrtion:; XIE". 
O explain the Phenomena of the Sun ſeen from 


the Earth, and ariſing from the Opacity of 
the Moon; or to account for Eclipſes of the Sun. | 


As the Moon, upon the Interpoſition of the 
Earth, is depriv'd of the Sun's Liglit, and ſaid to 
be Eclipſed; ſo, in like manner, if the Earth 


' ſhould be robb'd of the Sun's Light, by the In- 


terpoſition of the Moon, this Phenomena ought 
to be calPd an Eclipſe of the Earth. But the 
Obſerver of it being on the Earth, and allowing 


of no Loſs of Light or Eclipſe, nor Motion, nor 


any other Thing that ſeems to argue an Imperfe- 
ction in his Place of Abode, calls this Phænome- 
non an Eclipſe of the Sun ; for the ſame Reaſon 
as an Inhabitant of the Moon would ſay the Sun 


was eclipſed, when the Moon is really entring 


into the Earth's Shadow. 


D 3 - Te 
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. Tis evident, that an Eclipſe of the Sun wil! M 
i happen in every ſuch New Moon, where ſhe is at ſhe 
i or near one of the Nodes. For then the Shadow So 
141 of the Moon lying directly betwixt the Sun and by 
'1 Earth, reaches to the Earth, and cauſes a total en 
5 Eclipſe to the Inhabitants of the Tract CD, 
4 | Fig. 22. | that are immers'd in the thickeſt Shade. | to 
Þ But the Moon's Shadow not being large enough E 
l to cover the whole Earth, the circular Tract BC, be 
ll ED, which ſurrounds the former CD, is cover'd 5 
id with the Penumbra, and its Inhabitants ſce only = wi 
4 a partial Eclipſe of the Sun; which is greater to- ; loc 
4 wards C and D, becauſe a greater Portion of the il the 
i" Sun will be cover'd by the Moon; but leſs toè-3B́! an 
| .wards B and E, the Extremities of the Penum- | the 
4 bra, and the Defect of Light is ſcarce ſenſible. D. 
— At the ſame Time, in other Places, as E F, the at 
| | Bigneſs of the Earth is the Reaſon why there is Pre 
F | no Eclipſe at all ; the Sun enlightning it without Wa 
1 any Hindrance or Impediment. ; wi 
. | All the preceding Account happens in Nature, | | 
4M Juſt as it has been related. But if we look up- M. 
al on the Sun and Moon from our Earth, the | Ec 
4 Moon will ſeem to cover the Sun more or leſs, Sh 
| according as the Spectator is nigher or farther RM of 


off from the total Shadow | Fig. 23.] And be- the 
cauſe the Moon which covers the Sun can't be Pa 
ſeen, the Sun will appear to be darken'd in that af 


Part which the Moon covers, the reſt only re- dot 
maining lucid. 4 7 68e 
Sometimes a central Eclipſe happens not to ü of 


n 
| 
: 
| 
: 


the Moon: The Reaſon is, at that Time the MW 
Moon's Shadow is ſo ſhort, that it cannot reach WF - 
the Earth; either becauſe the Moon is then fo In 
far off from the Earth; or becauſe the Sun's oft 
Rays that graze along the extreme Parts of the the 


be total; but a bright Ring ſeems to'ſurround WR ©" 
"= 7 ö 
4 


the Moon. 
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Moon are more than ordinarily inflected, and ſo 
ſhorten the Moon's Shadow. The Bigneſs of a 
Solar Eclipſe is to be eſtimated juſt as in the Moon, 


by the Digits of the Sun's Diameter, that are dark 


en' d by the Moon at the Time given. 


"Tis evident likewiſe, that the Moon moving 
towards the Eaſt, or from , thro? , to , 
|. Fig. 22.] the Weſtern Part A of the Earth will. 


be in the Shadow firſt, which will paſs along the 
Earth's Disk, like a Spot, thro' B, C, D, E, to F, 


where it leaves the Earth. But if the Moon be 
look*d upon from the Earth, the Eaſtern Limb of 


the Moon will firſt cover the Weſtern of the Sun, 
and the Weſtern of the Moon will laſt uncover 


the Eaſtern Limb of the Sun: And the greateſt 


Darkneſs that happens in a total Eclipſe is ſoon 


at an End; ſome Part of the Sun's Disk being | 
preſently uncover'd, almoſt as ſoon as the whole 


was cover'd : and that Part, tho? never ſo little, 
will mightily enlighten the Air. 5 
Tho' the Moon muſt be in a Node the ver 

Moment of the New Moon, to cauſe the 1 
Eclipſe of the Sun that is poſſible, and that the 
Shadow of the Moon may go along the Middle 
of the Earth; yet if ſhe be not far off from 
thence, the Shadow of the Moon, or at leaſt 
Part of the Penumbra, will fall upon ſome Tract 


of the Earth, being ſo big, and there cauſe a a 


total, or at leaſt a partial Eclipſe: And in this 
Senſe, there are more Eclipſes of the Moon than 
of the Sun. But Eclipſes of the Sun, in any 
given Place, are much fewer than the Eclipſes of 
the Moon; becauſe the Moon's Shadow is leſs 


than the Earth's, and conſequently it does not 


involve any given Place upon the Earth, ſo 
often as the Earth's Shadow does ſome Part of 


D 4 S HO. 
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0 SCHOLIUM. 

The ſame Phenomena will appear in Jupiter 
and Saturn: For their Satellites or Moons, will 
be eclipſed, by being immers'd in the Shadow of 
their primary Planet ; and thoſe Eclipſes of them 


Book I. 


are obſervid by us, juſt as the Eclipſes of our Moon 
may be obſerv'd from them. In like manner, eve- 


ry Satellit coming between the Sun and its pri- 
mary Planet, caſts a Shadow upon the primary, 
which ſeems to move along the Disk of the pri- 
mary Planet from Eaſt to Weſt, like a Spot. But 
the Duration, Phaſes, Periods, E9c. of theſe Ph#+ 
nomena are various, and differing from the like 
feen by us, and ariſing from our Moon, according 
to the Diverſity of the Shadows, Motions and 


Magnitudes, both of the primary and ſecondary. 


Planet. , 


PRO POSITION XX. 


* of the Secondary Planets mention*d in Prop. 1 5. 
L. 7s urged by a Force compounded of a Centripetal 
Force, tending to the Centre of #ts Primary Planet 
about which it revolves, and of all the accelerating 
Force with which that Primary Planet is urged. And 
therefore the Forces whereby the Satellites are retain'd 
#n their Orbits about the primary ones, tend towards 
the Centres of their primary ones reſpectively. | 

Becauſe the Satellites of Jupiter and Saturn 
_ revolve equably in circular Orbits, concentric 
with Jupiter and Saturn, they deſcribe Areas 
about | theſe Centres reſpectively proportional 
to the. Times. In like manner, if the Moon's 
Orbit differs from a Circle concentric with the 
Earth, the leſs the Moon appears, (that is, the 
farther it is from the Earth) the ſlower it moves 
round the Earth; ſo that ſtill the Area, that the 


Radius drawn to the Centre of the Earth de- 


{cribes, 
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rence of the Forces, is that whereby the Satellit 
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W ſcribes, is equably augmented. So that univer- 
ſally, each of the abovemention'd Satellites de- 
E ſcribes Areas, by a Radius drawn to the Centre 


of its primary Planet, about that Centre, pro- 
portional to the Times. If therefore the Syſtem 
of any primary Planet, and its revolving Satel- 


lites, be ſuppos'd to be urg'd along parallel Lines, 


by a Force equal and contrary to that, whereby 


the primary Planet in that Point of its Orbit, 
W where it then is, is urged towards the Sun, the 


primary Planet will no longer deſcend towards 


W the Sun ; and the ſecondary Planet will continue 


to deſcribe the ſame Areas about the primary 


one as before; that is, proportional to the Times: 


(For if Bodies move any how in reſpect of one 
another, and are urged by equal accelerating 
Forces along parallel Lines ; or, which is all 
one, if the Space in which they perform their 
Motions be moved uniformly in a right Line, 
they will move all after the ſame manner, as 
they would do if thoſe Forces were abſent, or 
the Space were at reſt, in which they are inclu- 
ded). So that each Satellit, only urged by the 
Difference of the Forces, will go on to deſcribe 
Areas about the Center of its primary Planet, pro- 
portional to the Times. Therefore, by Prop. 12. 
the Difference of the Forces tends to the pri- 
mary Planet as a Centre. But before the whole 
Syſtem was urged along parallel Lines, by a Force 


equal and contrary to that, whereby the primary 
p 


anet is urged towards the Sun, that is, in its 


natural ſtate, each Satellit is urged by a Force 


compounded of the Centripetal Force tending 


do the Centre of its primary Planet, and of all 


the accelerative Force that that primary Planer 
is urged by. Conſequently, the foreſaid Diffe- 


15 
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is retained in its Orbit about the prrimary Planet, and « 
the remaining accelerate Force, whereby the pri- 16; 
mary Planet is urged in any Point of its Orbit, and: 
conferring nothing to this. But this Difference inmo 
has been ſhewn to tend to the Centre; therefore perio 
the Forces whereby the ſecondary Planets are re- Cube 
tained in their Orbits about the primary ones, tend Cent 
towards the Centres of the ſaid primary ones re- ſtanc 
ſpectively. Which was to be demonſtrated. ner : 
| | | | of tl 
CAVYPLPALRR? AR IL IL INS ALB ACIAUBLIBLICAMI of th 
b-; | [ 6 if u Fo 
. e te — 
Of the Periods of the Primary Planets about 158c 
the Sun, and Secondary ones about their MW moſt 
reſpective Primary ones, compar'd toge- quo, 
ther, and of their Diſtances likewiſe . 
compar'd together; with their mutual 5 
Relation to one another, and the Reaſon Diſt 
and Cauſes of it. | ee 
7 s ; BE FA 8 3 * 
e AST _ E 
HE Motion of the Secondary Planets revol- Prop 
ving about a Primary one, is ſuch, as that thei! 


the Squares of the Periodic Times are in the ſame 
Ratio, as the Cubes of their Diſtances from the 
Centre of the Primary one. a 
This Theorem is abundantly evident from the 
Obſervations of Aſtronomers : And by the Squares 
. of the periodic 'Times, you muſt underſtand the 
Squares of right Lines, or of Numbers, having 
the ſame Ratio as the periodic Times. In this 
Senſe alſo are the Squares of Velocities, and the 
like. >. 
Thus in the Satellites of Jupiter, where the 
periodic. Times of the inmoſt, ſecond, third, 
| and 
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and outmoſt, are reſpectively as 13, 359 14, and 
163 almoſt ; and their Diſtances as 53, 9, 143 
and 25: The Square of the periodic Time of the 
inmoſt, namely 3, is to 13, the Square of the 
periodic Time of the ſecond Satellit, as 170, the 
Cube of the Diſtance of the inmoſt from the 
Centre of Jupiter, to 136, the Cube of the Di- 
ſtance of the ſecond from thence. In like man- 
ner z is to 51, the Square of the periodic Time 
of the third Satellit, as 170 to 2890, the Cube 
of the Diſtance of the third from the Centre of 
Jupiter. And 3 is to 280, the Square of the 
periodic Time of the outmoſt Satellit, as 190 to 
| 15800, the Cube of the Diſtance of the out- 
moſt from Jupiter's Centre... And therefore, en 
quo, the ſame Ratio holds between any other 
two of them compar'd together ; as the ſecond 
with the third or the laſt, or the third with the 
laſt. This Ratio comes our more exact, if the 
Diſtances and periodic 'Times are taken more ac- 
curately. 

The ſame will be found to hold i in the Satellites 
of Saturn, if you take the Numbers laid down in 
Prop. 15. that their Diſtances from Saturn, and 
their Periods about him may be eſtimated. But 
the Moon being a ſolitary Satellit, this * 
tion can't be applied to her. 


PROSYOSITION XXII. 


HE Motion of the Primary Planets about the 
FA Sun is ſuch, as that the Squares of their Pe- 
viodic Times are in the ſame Ratio as the Cubes of 

= 7heir Diſtances from the Sun. | 
Thus, for inſtance, -in round Numbers, the Pe- 
riod of Saturn is 30 Years, and of Jupiter 12 ; and 
their Squares are goo and 144. The Diſtance of 
Saturn from the Sun, by Obſervation, is to the 
LO 


* 
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Diſtance of Jupiter from the ſame, as 9 to 5 al- 
moſt ; and their Cubes are 729 and 125. But ' tis 
evident thoſe Squares are nearly as theſe Cubes. 
Alſo the Period of the Earth is a little more than 
four times greater than the Period of Mercury; 
conſequently their Squares are as T7 to 1 almoſt : 
Suppoſing the Diſtance of the Earth from the 
Sun to be ten Parts, the Diſtance of Mercury, 
by Obſervation, is about 4, or 3. 9; and their 

ubes as 1000 and 59: But 17 is to 1 almoſt as 
1000 to 59 ; And ſoon in the other Planets. The 
more correct the Diſtances and Periods are taken, 
the nearer you'll come to this Proportion. What 
has been now ſaid, may ſuffice at preſent! The Pro- 
poſition being more exagſy to be made out in the 
Third Book. F 987 e 


PRO POSITION XXIII. 


HE Spaces that a Body, acted upon by. any 
| kind of finite Force, deſcribes, (whether it 
be determinate and unchangeable, or the ſame in 
_ continual Increaſe, or continual Decreaſe) are in 
the very Beginning of the Motion, in the duplicate 
Ratio of the Times. 3 

Loet the Times be expreſs'd by the right Lines 
AD, AE, | Fig. 24. | and the Velocities acquir'd 
at the End of thoſe Times, by the Ordinates 
DB, EC: And the Spaces deſcrib'd with theſe 
Velocities will be as the Areas ABD, ACE, 
made up, as it were, of theſe Ordinates ; name- 
ly, the Space deſcrib'd in every very ſmall 
Particle of Time, being as the Velocity and that 
Particle of Time conjunctly. But, in the Be- 
ginning of the Motion, the Ordinates DB, EC, 
are very near the Point A; and in that Caſe, 
the Trilineal Figures AD B, AEC, are ſimilar 
rectilineal Triangles, that Part of the Curve 

ABC, 


any 
her it 
„ in 
e in 
icate 


ines 
uir'd 
nates 
theſe 
E,. 
ame- 
(mall 
that 

Be- 

EC, 
milar 


urve 
'B C, 
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Inc, which belongs to the infinitely ſmall tri- 


lineal Figures, not extending it ſelf beyond the 
right Line AE, which is a Tangent to the Curve 
in 4 Now theſe ſimilar rectilineal Triangles, 
are in the duplicate Ratio of their homologous 
ſides AD, AE. Conſequently, the Spaces de- 
{crib'd in the Beginning of the Motion, are in the 
duplicate Ratio of the Times. Which was to be 
demonſtrated. | | 
COROLLAR Z. 

From henee we may gather, that the Errors 

of Bodies deſcribing ſimilar Parts of ſimilar Fi- 


gures in proportional Times, generated by any 


equal diſturbing Forces ſimilarly applied to the 
Bodies, and meaſur'd by the Diſtances of the 


Bodies from thoſe Places of the ſimilar Figures, 


to which theſe Bodies would arrive, in the ſame 
proportional Times, without thoſe Forces, are 
very near as the Squares of the Times wherein 
they are generated. For theſe Errors are the 
Spaces, which the Bodies acted upon by the di- 


ſturbing Force deſcribe. But if theſe diſturbing 
Forces are not __ but in a given Ratio ; the 


Errors are as thoſe Forces and the Squares of the 


W Times conjunctly; ſuppoſing the Forces ſimilar- 


ly applied. 


PRO POSITION XXIV. 


HH naſcent or evaneſcent Subtenſe of the An- 
gle of Contact in any Circle, is in the dupli- 


= c:te Ratio of the conterminous Arc. 


Let ADC| Fig. 25. | be a Circle, the right Line 


3 | AB a Tangent in 4, and conſequently the Angle 
of Contact BAD. I fay, any Subtenſe that is 


W the neareſt to the Poi . 
Caſe, Wil 1t to the Point 4, for inſtance, BD is 


as the Square of the Arc AD ; that is, the Sub- 
tenſe BD is to another Subtenſe & 4, in the ſame 
Circum- 


1 


as all the Conic Sections are. 
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Circumſtances, as the Square of the Arc AD to 


the Square of the Arc 44.  _ | 
Draw the Diameter AC, which will be perpen- 
dicular to AB ; join the right Lines DA, dA, 
DC, dC, and draw DE, de parallel to AB. 
Firſt, let the Subtenſe BD. be parallel to AC. 
Now (by 8 and x7. Elem. 6.) AD e CAR AE, 
and Ada =CA*x Ae. Wherefore 2 Da: Ada :: 
(AE: Ae: :) BD: bd. But ſince BD, bd are 
neareſt to the Point A, or in their naſcent Con- 
dition, the Arcs AD, Ad, and their Subtenſes 
do not differ from one another ; that is, they are 
equal. Conſequently, in this Caſe, BD is to bd, 
as the Square of the Arc AD, to the Square of 


the Arc Ad. | 


Secondly, if the Subtenſe (BD) of the Angle 
of Contact be not parallel to AC, but to AG, 
D Fig. 26. | the ſame ſtill holds: For, drawing 
DF, af parallel to AC ; then, becauſe DFB 
d fb are ſimilar Triangles, BD:bd:: DF: df; 
but it has been already ſhewn that DF is to df, 


as A Da to Add. Wherefore BD is to hd, as 


A D9 to Add. 


Thirdly, if BD be ſuppos'd to be drawn ac- x 


cording to any other certain Law, ( for inſtance, 
converging toward the Centre ;) ſince BD, 5d 
are as near as may be to the Point 4, the Angles 
B, b will be equal; and conſequently, in that caſe, 


Bd: ba:: (DF: af::) AD: Ada. Which was 1 


to be demonſtrated. 
S HQ LF M. 

This is true likewiſe in any other Curve, to 
which a Circle equi-curve may be drawn ; ſuch 
For the Points 
D, d (being the neareſt that can be to A) muſt 
be in that other Curve, as well as in the Circle, 
which is equi-curve to it, by Hypotheſis : Con- 

F ſegquently, 


* 


Foro 


the 1 


| Arcs 


Rad 


Cent: 


= fects of the accelerating Centripetal Forces; and 
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7 ſequently, the Proportions of BD, bd, which a- 


gree to the Circle, agree likewiſe to this Curve, 


W to which the Circle is equi- curve. And fince the 


foregoing Propoſition is true of all Circles, it 


muſt likewiſe be true of all Curves, that can have 
cequi- curve Circles drawn to them. | 


PROPOSITION XXV. 


| __ different Circles with an equa 


ble Motion, are ated upon by Centripetal 
Forces tending to the Centres of theſe Circles. And 


be Forces are to one another as the Squares of the 
| Arcs, deſcribed in the ſame Time, applied to the 


Radii of the Circles. This likewiſe is true of the 


Centrifugal Forces of Bodies thus moved. 


Becauſe the Bodies, by their Vis inſita alone, 
would deſcribe 'Tangents, *tis evident that they 
are drawn off from their re&ilineal Motion, and 


retain'd in Circular Orbits by Forces tending to 
| Points within the Circles. But ſince, by Sup- 


poſition, they are carried in the Circumferences 
by an equable Motion ; the Areas deſcribed by 
a Radius drawn to .the Centres are equally aug- 
mented ; and therefore are proportional to the 
Time which flows equably ; and conſequently 
theſe Forces, by Prop. 12. -tend to the ſaid Cen- 
tres. N e e 

Let the Bodies M and T | Fig. 21. | revolving 
in the Circumferences of the Circles MA, T R, 
deſcribe the infinitely ſmall Arcs MF, TD ; 


From theſe Extremities P, D, draw the very ſmall 
right Lines FE, DC as far as the Tangents, either 
parallel to SM, ST, or diverging from &. (For 
it comes to the ſame, ſince MF, TD are only na- 


ſcent Arcs.) Now theſe right Lines are the Ef- 


con- 
1 
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conſequently are proportional to them, as their a- 
dequate Cauſes; that is, the Centripetal Force of 
the Body Mis to the Centripetal Force of the Body 
, as EF to CD. Make the Fig. MG H ſimilar to 
the Fig. TCD; wherefore & H will be a naſcent 
right Line: And ſo CD is to & H, as the Arc T'D 
& the Arc MH. And, by the preceding Prop. 
His to E F, as MH to MF1 : And therefore, 
ex equo, CD is to EF, as (TD. MH3 to 
MHM; that is, as TD « MH to MF9, 
or as) TD MH=*« ST to MF4 *« ST; And 
ſince TCD, MG H are ſimilar, the Arcs 7 D, 
MH are ſimilar ; that is, ST: SM: : TD: 
MH. Wherefore MH * $ST=TD*x SM. Then 
by Subſtitution CD: EF:: (T Da SM: 
ART „ 
ee 

But the Centripetal Forces of the Bodies 7 
and M were ſhewn to be proportional to CD, 
E F. Therefore the Centripetal Force of the 
Body revolving in T R, is to the Centripetal 

I -3#% 

Force of the Body revolving in MA, as 


ST 
M Fa 8 
ir. And, (becauſe the Motion in both 


is equable) 2 D and MF, being deſcrib'd at the 
ſame Time, have the ſame Ratio with any others 
deſcrib'd at the ſame 'Time. Wherefore the Cen- 
tripetal Force of a Body revolving in TR, is to 
the Centripetal Force of a Body revolving in 
MA, as the Square of an Arc deſcribed in any 
Time in TR applied to the Radius ST, is to the 
Square of an Arc deſcrib'd in the ſame Time in 

MA applied to the Radius SM. oral 
It .the abovementioned Bodles be imagined 
to be tied to S, by two Strings, and kept revok 
ving 


to 


at the 
thers 
Cen- 

is to 
ig in 


n any 


0 the 
me in 


gined 
revok 
ving 


| ving in the Circles by the Help of them; the ſame 


- Line, equal to that produced by the Application 


— 
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Force, whereby the String is ſtretch'd, conſider'd 
as it is in the String pulling the Body, is call'd 
the.Centripetal Force, but conſider'd as it is in 
the Body ſtretching the String, may be call'd. the 
Centrifugal Force: And conſequently, all that 
has been ſaid concerning the Centripetal Force, 
is true alſo of the Centrifugal Force. Which was 
to be demonſtratc t. MF 
| COROLLARY I. 5 
From hence it follows, that if a Body, being 
acted upon by the Centripetal Foree that kept it 
in the Circle, ſhould be let fall towards the Cen- 
tre; ſo as this Force be neither augmented nor 
diminiſhed in the Bodies Deſcent, but continues 
the ſame, and to the firſt Impulſe there is conti- 
nually ſuperadded a new one equal to itz (as in the 
Galilean Hypotheſis of Gravity : In the Time that 
the ſaid Body deſcribes an Arc in the Circle, it 
would, in its Deſcent towards the Centre, de- 
{cribe a right Line; equal to that which is pro- 
duc'd by the Square of that Arc applied to the 
Diameter of the Circle. For by this Prop. *tis evi- 
dent, that this is ſo in the very Beginning of the 
Fall; and in the preſent Hypotheſis of Deſcent, 
the Spaces run are in the duplicate Ratio of the 
Times ; and fince the Circle is equably deſcri- 
bed, the Squares of the Arcs deſcrib'd are alſo in 
the duplicate Ratio of the Times of Deſcripti- 
on. Now the Application of theſe Squares to 
the Diameter of the Circle , being a conſtant 
Quantity, does not alter the Ratio: Conſe- 


- quently, it holds perpetually. So that in this 


Hypotheſis of an uniform Centripetal Force, a 
Body, in half the Time that it deſcribes an Arc 
of a Circle in, would deſcend the Length of a 


of 


0 
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of the Square of half that Arc to the Diameter 
of the Circle; vz. the Subquadruple of the right 
Line, it would deſcend in double the Time, viz. 
in which it would deſcribe the entire circular 
Arc. : e 
| COROLLART 2. 

From hence likewiſe it follows, that the Cen- 
tripetal Forces of Bodies, deſcribing different 
Circles by an equable Motion, are in a Ratio 

compounded of the duplicate Ratio of the Velo- 
Cities directly, and of the ſimple Ratio of the 
Radii inverſely. For the Motion in any Circle 
being equable, the Ratio of the Velocities will 
be the ſame with that of the Arcs deſcrib'd in the 
fame Time; that is, of the Spaces run thro' in the 
ſame Time: But (by this Propoſition) the Centri- 
petal Forces are in a Ratio compounded. of the 

duplicate Ratio of the Ares defcrib'd in the ſame 
Time directly, and of the ſimple Ratio of the 
Radii inverſely : Wherefore the Ratio of thefe 
Forces is .compounded of the duplicate Ratio of 
the Velocities directly, and of the fimple Ratio 
of the Radii inverſely. N 


| PROPOSITION XXVI. 
= E ſame Things being ſuppoſed, I ſay, the 
. _ Centripetal Forces are reciprocally as the 
Squares of the Periodic Times applied to the Radii 
of the Circles ; or they are in a Ratio compounded of 
the ſimple Ratio of the Radii directly, and of the 
| duplicate Ratio of the Periodic Times inverſely. And 
#he ſame alſo is true of the centrifugal Forces of Bodies. 
Let the Centripetal Force of one of the Bodies, 
moving in one of the Circles, be call'd V, and in the 
other v ; the Celerity in one Circle C, and in the 
other ; the Arcs deſcrib'd at the ſame Time in 
the firſt Circle A, in the ſecond a ; the Radius, 
or 
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or Diſtance of the Body from the Centre, in the firſt 
Circle D; and in the ſecond d; the periodic Time 
in the firſt Circle 7, and in the ſecond r. | 
is well known, in comparing the Motions of 
Bodies together, that the Spaces run thro? are in 
the compound Ratio of their Times and Celerities 
directly. But the Radii of the Circles are pro- 
portional to the entire Circumferences, which are 
the Spaces run thro? in the periodic Times. And 
therefore D: d:: C Test, fothatOxTx4d 
=6cxftxD: therefore C* = T* d S nt. 
dts Mas ä 
x D*. Therefore, dividing by D* d,, and———— 
s 2 „ £2 | 12 2 9 
——.— Wherefore 7 55 : 55 7 But 
| 2 
(by Cor. 2. of the W V 1 
And therefore V: v:: a 75 But the Ratio of 
2 2 5 N 
= to 55 is the ſame with that of ? D to 2 d; 
or of ?* to T and D to d. Therefore the Ratio 
of Vtow is equal to the Ratio of z* to Te, and 
of D to d. „ N 
What has been ſaid of the Centripetal Forces of 
two Bodies revolving about a. Centre, is true of 
their e 3 Forces ; ſince they differ only in 
the Manner of Conception; as was ſhewn in the 
' foregoing Propoſition. & E. D. 


COROLLARY I. ray 
From hence (and from Corol. 2. Prop. N 
it follows, that if the Periodic Times are equal, 
then, as well the Centripetal Forces, as the Ve- 

locities, will be as the Radii ; and vice verſa. 
3 | E 2 For, 


D 


4 fore if T=z, or Z t, then will /: :: D: d. 
And vice verſa, if V: v: % D: d, ſince /: v:: 
= Dt: 4 T then D: d: DK: aT* ; and conſe- 
1 quently T*=z?*, or Tt. The Second Part of 
„ ; the Corollary appears from hence. In the Com- 
b pariſon of Motions, * the Velocities are as the 
N 1 | Spaces run in the ſame Time. But, becauſe the 
1 1 Periodic 'Times are equal, the Spaces run in the 

| ſame Time are the Circumferences of the Cir- 

cles; but they are as their Radii. Conſequently 
1 the Velocities are as the Radii. The Converſe 
1 of this Propoſition is drawn after the ſame man- 
=_ _ ner. 8 | | N | 


"1 ; „ COROEL ARDS: 9 
A Hence alſo, if the Squares of the Periodic 


Times are as the Radii, the Centripetal Forces 
are equal, and the Velocities are in the ſubdu- 
plicate Ratio of the Radii ; and vice verſa. For 


if : e ft. 


tion, T: f.:: D: d, or DAH AT. There- 


tripetal Forces themſelves, are equal. And vice 


And therefore D: :: T.: . In like man- 
ner, becauſe by Corol. 2. of the preceding Prop. 
. 
rp and in the preſent Caſe, N, 


then C* « D will be equal to c* D, or C*: t: 


| 
% | them will likewiſe be equal, viz. Dx f A T: 


of this is drawn after the fame manner as that of 
the former. | 
5 T7 60 RO L- 


For, by this Propoſition, 5 ee " Where. 


? ore LV and v, proportional to them, or the Cen- 


verſa, if , the Quantities proportional to 


D: d; that is, C: c:: / D: d. The Converſe 


Book IL. of ASTRONOMY. | 53 
15 COROLLARY 3. | 
If tha Circles deſcribed are equal, the Centri- 
tal Forces are reciprocally as the Squares of the 
Periodic Times: For the Ratio of the Radii, in 
this Caſe, being that of Equality, makes: no 9 Aﬀte- 
ration in the Compoſition. 


PRO POSI 110 N XXVII. 4 
HE ſame Things being ſuppoſed, if the Bodies 
T revolve + e a manner, as that the Squares 
of the Periodic Times be as the Cubes of the Radit, 
then the Centripetal Forces are reciprecally as the | 
Squares of the Radii : And the Celerities of the Bo- 
dies are reciprocally as the Square Roots of i the Ra- 
dit ; and vice verſa. 
Retaining the Characters uſed in the former 
Propoſition, tis evident from it, that V: v: 


= FI 5 From "whence it follows „ that 2 2 
= — 5 or /T* =vt*D. And therefore D: 
V:: T. And by Suppoſition, De: a": 
* tb; therefore Dv: d V:: B: d,. Rr EIS 
ly Dor AD; or vA = D.. And there 
fore V: v:: d-: D*. | 

5 Again, in the Demanſtration of the Fork 0 
ing Propoſition, it was ſnewin that C* . 2 « 
c of x Di. Wherefore c x D*: C. x 
Wy :: 7: 7. But by ſuppoſitien, D? :4* : 2 
*. Therefore c Xx D: GX d: D: A, 
And ſo c': C:: D: 4 (or by extracting che 
*% Square-root, and i inverting the Proportion) Tre: 
> a . D* ; that is, C: c:: * a: $/D.. Which were 
1 to be demonſtrated. 

= The Converſes - theſe. are. En For as, 
from putting T: *:: D: 40, it follows that 


Feat: BED", e eee ; i 
E 3 con- 


4 
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converſely, from the Suppoſition of any one of 
theſe, you may return to the former Proportion, 
wiz. T: f:: D; 4* ; and from hence again to 
the other Concluſion. And conſequently, any 
one of theſe three being ſuppoſed, the other two 


will follow. | 
| SCHOLIUM. | 

The three preceding Propoſitions (and their 
Corollaries) are true, not only of Bodies revol- 
ving in concentric Circles, but of ſuch alſo ag 
deſcribe Circles whoſe Centres are entirely dif- 
ferent, (for the Identity of Centres was not ſup- 
poſed in the Demonſtration ;) and of thoſe that 
defcribe ſimilar Parts of any Figures, having 
their Centres ſimilarly ee For what was 
aſſumed in the Demonſtration of theſe Theo- 
rems in Circles, are equally true of all other Fi- 
gures like thoſe we but juſt now deſcrib'd; viz, 
that the naſcent Lineola & F (in Fig. 27.) is to 
the naſcent Lineola EF, as M Fd to M H3, (for 
this is demonſtrated in Prop. 24. of any Figure 
that a Circle is equicurve to ;) and that MH 180 
to T D as SM to , is true of any ſimilar Fi- 
gures ; provided the Centre & be ſimilarly poſit- 
ed in both Figures, and MH, TD be ſimilar, 
and ſimilarly poſited Parts of thoſe Curves in re- 
ſpect of the Centre. And inſtead of an equable 
Motion in Circles, if the Figure be different 
from a Circle, the Motion of the Body in the 
Perimeter of it, muſt be ſuch, as that the Areas 
deſcribed, by Rays drawn to their Centres ſi- 
milarly poſited, be proportional to the Times; 
otherwiſe (by Prop. 12.) the Forces, whereby the 
Bodies are drawn afide from their rectilineal Mo- 
tion, and kept in their curyilineal Orbits, do not 
end to thoſe Centres. 1 4 


be 

* 7 

8 

be. 

* 
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Squares of the Diſtance increaſe. 
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LA PrxoPosITION XXVIII. 
HE Forces, whereby the Primary Planets are 
perpetually retracted from their rectilineai 
Motions, and retain'd in their Orbits, are recipro- 
cally as the Squares of their Diſtances from the Cen- 
re of the Sun, which they reſpect. 


That theſe. Forces reſpect the Centre of the 
Sun, has been ſhewn in Prop. 13. Burt that the - 
Law of theſe Forces is ſuch, as that they are re- 
ciprocally as the Squares of their Diſtances from 


the Centre, or that they increaſe as the Squares 
of the Diſtance decreaſe, and decreaſe as the 


ſtance, that the Force whereby the Earth is made 
to tend towards the Sun, and is retained perpe- 
tually in its Orbit, ſo as not to fly off in a Tan- 
gent to it, is to the like Force in Mars, as 5 to 


4, to that in Jupiter as 27 to 1 ; becauſe the Di- 


ſtance of the Earth from the Sun, is to the Di- 
ſtance of Mars from the ſame, as 2 to 3, and 
to the Diſtance of Jupiter, as 5 to 26 ; and that 
the Centripetal Force in the Earth is but half 
that in Venus, becauſe the "Earth's Diſtance 
from the Sun is to the Diſtance of Venus as 10 to 
7 ; and ſo on in the others, is thus demonſtra- 
ted. The Motion of the Planets revolving a- 
bout the Sun, and tending towards it as a Cen- 
tre, is ſuch, as that the Squares of the Perio- 
dic Times are as the Cubes of the Diſtances 


* from the Sun, by Prop. 32. Now, by the pre- 
== ceding Prop. the Centripetal Forces of Bodies 


revolving: according to this Law, are recipro- 
cally as the Squares of their Diſtances from the 
Centre: Conſequently, *tis evident that the For- 


Y ces reſpecting the Sun, by which the Planets are 


acted ypon, and retain'd in their Orbits, are re- 
= Cipro» 


As for in- 
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+ 


ciprocally as the Squares of their Diſtances from 
the Centre of the Sun. "025 E 


PROPOSITION XXIX. 
THE Forces whereby the Secondary Planets are 
retainꝭd in their Orbits, are reciprocally as the 
Squares of their Diſtances from the Centre of their 
reſpective primary ones, to which theſe Forces tend. 

For ſince (by Prop. 21.) the Motion of the 

Satellits revolving about Jupiter, and of thoſe 
revolving about Saturn, is ſuch, as that the 
Squares of the periodic Times are in the ſame 
Ratio with the Cubes of their Diſtances from 
the Centre of Jupiter and Saturn reſpectively; 
and ſince (by Prop. 23.) the Centripetal Forces 
of Bodies revolving by this Law, are recipro- 
_ cally as the Squares of their Diſtances from their 
Centre: Tis evident that the Centripetal Forces, 
whereby the Secondary Planets are reſpectively 
urged towards Jupiter and Saturn, are recipro- 
cally as the Squares. of their Diſtances from the 

Centre of their reſpective primary Planet. 

But this Force in any Secondary Planet is on- 
ly one Part of the whole Force, whereby the 
Satellit is urged; and the other Force is the 
whole accelerating Force whereby the primary 
Planet is urged ; as has been ſhewn in Prop. 20. 
As for the Moon, the Earth's Attendant, be- 
cauſe it is alone, it has no other Secondary Planet 

to be compared withal, as to Diſtance and Pe- 
riodic Time. So that the Law of its Centri- 
- petal Force, whereby it is urged towards the 
Earth, can't be deduced after this manner. Yet 
hereafter you will find it drawn from the Figure 
of the Orbit that the Moon deſcribes about the 
Earth; which hitherto we have conſider d as 
2 n | not 
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not differing ſenſibly from a Circle. But if it 


really were a Circle concentric to the Earth, 
the Law of the Forces whereby it is retained in 
its Orbit, could not be from hence diſcover'd : 
For ſuch an Orbit may be deſcribed by a Body, 
let the Law of the Centripetal Force be what it 
will. ene FILA | 

COROL LL ART: 

It follows from theſe two Propoſitions, that 
among the primary Planets, that neareſt the Sun, 
and among the ſecondary, that next the reſpe- 
ctive primary one, moves faſteſt. For it has been 
demonſtrated, that in both of them, their Centri- 
petal Forces are reciprocally as the Squares of their 
Diſtances from the Centre: And in Prop. 27. it 
was demonſtrated, that the Celerities in this Caſe 


(> 


are reciprocally as the Square Roots of their Di- 


ſtances from the Centre of Motion; or that a 
mean Proportional between the Diſtances of that 
which was nearer, and that which was more re- 
mote, is to the Diſtance of the nearer, as the 
Velocity of the nearer, to the Velocity of the 
more remote. And ſince the firſt of theſe Quan- 
tities is greater than the ſecond, the third will 
be greater than the fourth ; that is, the Velocity 
of the nearer is greater than the Velocity of that 


o j 1 « * 4 


. 
* Fm. 
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SET ION V. 


Of the Motion of the Primary Planets about 
their Axes, and of the Phænomena thence 


— 


ariſing. 5 | | . ; 


th... Ali... Ali. * —_— ” 
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; PROPOSITION. % + + & 55 
10 explain the Motion of the Colidial Bodies 
about their Axes, given in Pajiion, and 0 
Revolution of them. 

When we fay a Body is not moved, we mean 
by it, that every, Line, and every Point in it, is 
ar reſt. But if we ſay a Body is moved along 
a Line, without any other Motion, we intend to 
ſignify, that the Centre of Gravity of the Body 
} deſcribes that Line, while the Partsof the Body, 
jn reſpect of the whole, remain at reſt; that is, 
every Line in, that Body retains a Situation paral- 
el to that it had before it was moved; and con- 
ſequently every Line in the Body thus mov d, re- 
mains always parallel to it ſelf. For after this 
manner, and this manner only, will it happen, 
that the Sum of all the Motions will be the leaſt, 
(that is, the Motion of the whole the leaſt, as is 
| ſuppoſed) and that any Point of the Body thus 
mov'd, is as much mov'd as any other, and de- 
ſcribes a Line ſimilar and equal, and only differ- 
ing in Situation: For the Line deſcrib'd by the 
Centre of Gravity, is ſuppos'd to be deſcrib'd 
by the Body it ſelf, from the known Nature of a 
.Centre of Gravity. 

If a Body be ſaid to be moved about a given 
Axis, being in other reſpects not moved, that 
Axis is ſuppos'd to be unmov' d, and every Point 

| Out 
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out of it to deſcribe a Circle, to whoſe Plane 


the Axis is perpendicular. And for that reaſon, 


if a Body be carried along a Line, and at the 
ſame time be revolved about a given Axis; the 
Axis, in all the Time of the Body's Motion, will 
continue parallel to it ſelf. Nor is any Thing elſe 
requir'd to preſerve this Paralleliſm, than that 
no other Motion beſides theſe two be impreſſed 
upon the Body; for if there be no other third 


Motion in it, its Axis will continue always pa- 


rallel to the right Line, to which it was once pa- 
Theſe Things being premiſed, *tis evident 
from Obſervation, that the greater Celeſtial Bo- 
dies, (if not all, yet at leaſt of every kind) beſides 
the Motions ſpoken of in general above,. do 


{ revolve about their Axes, And, firſt, from Ob- 


ſervations of Spots in the Sun, tis evident 
that the Sun, the only Body of its kind, in our 
Syſtem, revolves from Weſt to Eaſt about an 
Axis, inclin'd to the Plane of the Ecliptic, in 
an Angle of about 8) Degrees, in the Space of 
about 25 Days. And ſince the Sun has no pro- 
greſſive Motion, its Axis continues unmoved. 
Among the primary Planets, the Earth revolves 
with an equable Motion, from Weſt to Eaſt, 
about an Axis, inclin'd to the Plane of the 
Ecliptic, in an Angle of 66; Degrees, in the 
Space of a natural Day. And ſince the Earth 


alſo is carried about the Sun in the Space of a 


Year, its Axis muſt: however continue parallel to 
it ſelf, tho” it can't be entirely at reſt. And this 
will come to paſs by means of theſe two Moti- 
ons alone, without the Aſſiſtance of a third, 
which ſome have groundleſly invented and calPd 
by the Name of a Paralleliſm. But the Axis of 
the Earth, tho” it continues parallel to it ſelf, as 

| to 
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to Senſe, during one Revolution, yet after ſeve- 
ral, it changes this Site. Of the Cauſes and 
Phznomena whereof, we ſhall ſpeak in a proper 
Pace. | 

After the ſame manner Jupiter revolves from 
Weſt to Eaſt, about an Axis, in the Space of 
about 10 Hours; Mars in 243 Hours, and Venus 
in nearly 23 Hours, about their Axes; every one 
of which therefore continues always parallel to 
it ſelf, if theſe Bodies are not moved by any 
other kind of Motion beſide their Revolution 
about the Sun, and Circumrotation about their 
own Axes. 

Among the Secondary Planets, the Moon, 
the Earth's Attendant, beſides its Monthly Mo- 
tjon about the Earth, and annual one about the 
Sun, (by which alone each Line in it would be 
always parallel to it ſelf; ) it likewiſe revolves a- 
bout it ſelf in the ſame Space of a Month, ſo as 
to turn always the ſame Face to the Earth. | 

We are not fo certain yet of the other Planets, 
both Primary and Secondary, from Obſervations. 
Notwithſtanding, *tis probable that they, like 
the former, revolve about ſome Axis ; for this 
Reaſon, that every Part of them may be brought 
under, or removed from, the Rays of the Sun, 
more than once in one Revolution about the Sun, 
and may undergo Changes and- ee ſuit- 
able to their Nature. 


PrRoPOSITION XXXI. 
O deſcribe the Figure of the Sun and Planets, 
revolving about their own Aves. 
If the Sun and Planets werQgleprived of all 
Motion about their Axes, they would have a 
ſpherical Figure ; ſuppoſing their Parts like the 


tre, 
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tre, (ſuch as really they are, as we ſhall afterwards, 
demonſtrate,) and either are now, or were for- 
merly fluid. This is demonſtrated by Archimedes, 
in his Hydroſtatics. From a Motion about their A- 
xes, it comes to paſs, that their Parts receding; 
from the Axis as much as they can, endeavour to 
aſcend about the Circle that lies betwixt the two 
Poles, by a Centrifugal Force ariſing from their 
Circular Motion. And therefore, if the Matter 
of the Sun or Planet be fluid, it will increaſe the 
Diameters of that Middle Circle between the two 
Poles, by its Aſcent; and leſſen the Axis towards 
the Poles by its Deſcent, and conſequently con- 
ſtitute an oblate Spheroid, generated by the Ro- 
tation of an Ellipſe about its leſſer Axis; being 
depreſſed towards the Poles, and elevated to- 
wards the Circle that lies exactly between the 
Poles, more or leſs according to the Quantity of 
the Centrifugal Force. This Spheroidical Figure 
is obſerv'd in Jupiter by the Help of a Teleſcope ; 
and is proved to be in the Earth by Experi- 
ments, ( ſince we cannot take a View of her at 
ß, lt arts me 
ary | - 6:4 8.C HOLE BM 2. 54 A 
As this Spheroidical Figure follows upon the 
Rotation of the Body about its own Axis, and 
the Fluidity of its Parts; ſo, on the contrary 

from this obſerved Figure, we may juſtly infer 
its Motion about its Axis, and the (former) Flui- 
dity of its Parts. 7 LE 


_ PROPOSITION XXXII. | 
To explain the Phenomena ariſing from the Di- 


55 urnal Motion of the Earth about its Axis, ſeen 
from the Earth. © 


In the foregoing Propoſitions I have ſhewn, 
what would be the Phænomena of the Motion 
I of 


* 
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of the Sun and Planets ſeen from the Earth, if 
the Earth were a Point ; as that the Sun would 
feem to move among the Fix'd Stars, from Welt 
to Eaſt ; that the Planets would ſometimes ſeem 
to go forwards, at another Time backwards, ac- 
cording to the Situation of the Sun and each 
Planet. But fince the Earth is an opake Body, 
and large enough, in reſpe& of the Obſerver, 
that ſmall Part of its Surface, tho? ſpherical, which 
comes at the ſame Time under his confin'd View, 


will ſeem to be extended like a Plane. And the 


Eye taking a View of the Heavens all aroufid it 


ſelf, defines a concave ſpherical Superficies, con- 


centric to the Earth, or rather to the Eye ; which 
the abovemention'd Plane of the Earth's Super- 
ficies, becauſe drawn thro? the Centre, will divide 
into two equal Parts, one of which will be viſible, 
but the other, by reaſon of the Earth's Opacity, 
will lie conceal'd. 129 
And becauſe the Earth moves about its own 
Axis, the Spectator ſtanding upon it, together 
with the {aid Plane he ſtands upon, call'd his Ho- 
rixon, dividing the viſible from the inviſible He- 
miſphere of the Heavens, is carried round the 
fame way, ©7z. to the Eaſt. From hence it is, that 
Objects ſituated towards the Eaſt, being at firſt 
hid, become viſible, the Horizon ſinking as it were 
below them; and Objects fituated towards the 


Weſt, are cover'd or hid, and become inviſible, - 


the Horizon being elevated above them. And 
the former Objects therefore, to the Spectator, 
who uſually reckons the Place he ftands in, to 
be immoveable, will appear to aſcend above the 
Horizon, or Riſe ; and the latter to deſcend be- 
low the Horizon, or Set. Sacks, 
Since the Earth and the Horizon of the Spe- 
ctator fix d to it, continues to move always to- 
— 5 wards 
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wards the ſame Parts, and about the ſame Axis 
equably ; all Bodies, and all Appearances that 
don't partake of that Motion, (that is, all ſuch 
Things as are entirely ſeparate from the Earth) 
will ſeem to move in the like Time uniformly, 
but towards the oppoſite Parts, viz. from Eaſt 
to Weſt, excepting ſuch Things as the Earth's 
Axis produced will meet withal, which will 

pear at reſt. And every one of theſe Objects 
according to Senſe, will deſcribe the Circumfe- 
rence of a Circle, to whoſe Plane the Axis of 
the Earth is perpendicular. And becauſe all theſe 
Circles, together with the viſible Objects deſcri- 
bing them, appear to be in the concave ſpheri- 
cal Superficies of the Heavens, concentric to the 
Earth; every viſible Object will ſeem to deſcribe - 
a greater or leſſer Circle, according to its great- 
er or leſſer Diſtance from the Points above de- 
ſeribid, that ſeem at reſt. In ſhort, the Celeſtial 


F 


Sphere will ſeem to be moved from Eaſt to Weſt, 


m the Space of a Day about the ſame Axis in 
Poſition, about which the Earth really moves in 
that Time from Weſt to Eaſt : And theſe Points, 
in which the Axis of the Earth produced meets 
with its Superficies,' will be the Poles of this Mo- 
tion; and that will be the Middle Circle betwixt 
the Poles, and conſequently the greateſt, (call'd 
the Aquinoctial and Equator, for Reaſons to be 
explain'd in the next Propoſition ; ) where the 
Plane of that Circle of the Earth, which lies 
exactly between the Poles, being produced, 
meets the concave Sphere. And univerſally, 
any Circle on the Surface of the Earth, mark'd 
by any Point of it, in the diurnal Motion of the 


Earth, has a correſpondent Circle in the Ce- 


leſtial Sphere, made by the Interſection of the 
Pe” : | Surface 


11 ——— 
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Surface of the Celeſtial Sphere with the Super- 
ficies of a Cone, whoſe Baſe is a Circle mark d 
on the Earth, and Vertex the Centre of the Earth. 
The Axis of the World, and the abovemention'd 
Celeſtial Circles, have always the ſame Situation 
among the Fix d Stars; becauſe their primitive 
Terreſtrial ones, from whence they Have their 
Original, produc'd ſo far, fall upon the ſame Stars, 


© 


Earth be placed. 
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5 ] 10 explain the Phenomena of the Sun ſeen from 


I the Earth, ariſing from the Diurnal Motion of 


the Earth about its Axis, in Conjunction with its Au- 
nual Motion about the Sun; that is, ta explain the 


Changes of Day and Night, and their Variety in diffe- 


rent Places, and different Seaſons of the Tear. 

Tho' every Place of the Earth be enlighten'd 
by every Star that is above its Horizon, yet the 
Illumination of the Sun being ſo very great a- 
bove all others ; its being above the Horizon alone 
is called Day; and its Abode below the Horizon, 
is called Night: And becauſe the Sun is entirely 
{eparate and remote from the Earth, and ſo does 
not partake of its Diurnal Motion, it will Riſe 
and cauſe Day, in reſpect of a given Place; and 
being carried thro' the Midſt of the Heavens, de- 


ſcribing a Circle to Appearance, having the Axis 


of the World perpendicular to its Plane, will at 
laſt Set again; making the Night to continue, 
fill by the apparent univerſal Revolution of all 
the Celeſtial Bodies, it comes up again above the 
Horizon of the ſaid Place. | 

To explain the Variety of the Days and Nights, 


and the Seaſons of the Year thence ariſing, ima- 


gine the Circle YS = vS | Fig. 28.] to repreſent 
| the 
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as to Senſe, in what Point ſoever of its Orbit the 
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the Orbit deſcrib'd by the Earth, in a Year, abour 


the Sun plac'd in the Centre at S. The Circle in 
this Scheme is deſignedly reclin'd, and made to 


appear in the Form of an Ellipſe, for the more 


commodious Delineation of the various Poſition 
of the Earth. ä | 

In this Orbit, let the Earth AQ BE be ſup- 
poſed to be carried after the manner deſcribed 
in Prop. 30. from , &, to I, Oc. revolving at 
the ſame Time about its own Axis BA, towards 
the ſame Parts, or from & upwards towards E. 
'The Extremities of the Axis of the Earth will be 
the Poles; A being the Southern Pole, and B the 
Northern one; E the Equator, whoſe Plane is 
inclin'd to the Plane of the Ecliptic, by an Angle 
of 232 Degrees; viz. the Complement to a right 
Angle of 66; Degrees, by which the Axis of the 
Earth (perpendicular to the Plane of the Equa- 
tor) is inclin'd to it. : 

As AQ BE repreſents the Earth, ſo it may 
be imagin'd to repreſent the Celeſtial Sphere, (de- 
ſcrib'd in the preced. Prop.) concentric to the 
Earth, and ſurrounding it as it were, and dar- 
_ ried along with it; for this Sphere may be de- 
ſcrib'd at any Diſtance. And the Place of the 
Sun, or any Star or Celeſtial Point in this Sphere, 
will be there, where a right Line joining the 
Centre of the Earth and the ſaid Point, meets its 
Surface, for there the Eye plac'd in the Centre of 
the Earth refers it. | | 

Let the Earth be ſuppos'd to be at =, where. 
a right Line S =, joining the Sun and Earth's 
Centres, is perpendicular to the Axis of the Earth 
AZ; that is, where the Sun appears in the Plane 
of the Earth's Equator produced, or where be- 
ing ſeen from the Earth, it appears in the Æqui- 
noctial Circle, marked in the Celeſtial Sphere; 
| : F and 
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and conſequently declines neither to the North 
Pole, nor the South, but ſeems, in its diurnal M 
tion, to deſcribe the Equinoctial it ſelt. 
The Sun always ſeems to be in the Plane of 
the Ecliptic, (as was ſhewn in Prop. 2.) it will 
therefore appear to be in the common Interſecti- 


on of the Circles of the Ecliptic and Equator, 


deſcribed in the Celeſtial Sphere; viz. in Y. 


Now in this Situation, the Illumination of the 


Earth, made by the Sun, reaches both the Poles 
Aand B; (becauſe the Boundary or Circle of 
Illumination is a great Circle on the Earth, to 


whoſe Plane, the right Line joining the Centres 
of the Sun and Earth, is perpendicular ;) and 


conſequently half the Terreſtrial Equator E , 
or any other Circle parallel to it, is illuminated 
by the Sun, while the other half continues in 
Darkneſs. And therefore every Place of the 
Earth being carried round by the equable Diur- 
nal Motion, will be as long in Darkneſs as it was 
in the Light, that is, the Day, all over the Earth, 
will then be equal to the Night. From whence 
the Circle that the Sun then defcribes by its Di- 
urnal Motion, lying between the two Poles in a 


Celeſtial Sphere, is called the Æquinoctial Cir- 
cle. 


The Earth moving a little forwarder towards 
M and £ in its Annual Motion, has the Plane 
of its Equator E & no longer directed towards 
the Sun; but ſubſiding below it towards the 
South : From whence the Sun ſeems to decline 


a little from the Celeſtial Equator, towards the 


North Pole. For the Earth being at reſt to all 
Appearance, its Equator muft likewiſe be appa- 
rently at reſt. Conſequently the Celeſtial E- 


quator correſponding to it, is moved only by 


the apparent Diurnal one : And therefore the 
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Sun, which changes its Situation to it, will 
ſeem to move. And the Light of the Sun, 
which before reach'd to both Poles, A and B, 


| will by degrees be ſpread beyond B, and fall ſhort 


of 4. But when the Earth arrives at VS, and 


the Sun hereupon appears in S, where it will 


ſeem to have its greateſt Declination Northwardz 
(equal to the Inclination of the Ecliptic to the 


Equator,) and will afterwards return towards the 


Ecliptic; the Circle in the Celeſtial Sphere pa- 
rallel to the Equator, and expreſs'd by TC, to 
which the Sun in its North Declination ſeems tg 
have arriv'd, and deſcribe by its Diurnal Moti- 
on at that Time, is calld the Tropic of Cancer; 
borrowing its Name from the Sign of the Ecliptic 
the Sun is then in ; with which Name likewiſe 
the correſpondent Circle on the Earth is call'd. 
The Earth being in this Situation, tis evident 
that the Rays of the Sun, enlightning half of 
it, will reach to L, beyond the North Pole B, 
and ſtop ſhort at F, on this fide the South Pole 
A, fo as the Arc BL, or AF, is equal to the 


Arc ET; the Meaſure of the Sun's greateſt De- 


clination, or of the Inclination of the Ecliptic 


to the Equator. If Circles, as KL, FC, be ima- 


gined to be drawn thro' L and F, parallel to the 
Equator EQ, they will be the Polar Circles ; the 
one the Arctic, and the other the Antarctic. 
'Theſe Things being ſuppos'd, tis plain that all 


that Fract of the Earrh, which is included with- 


in the Arctic Polar Circle K L, notwithſtanding 
the Diurnal Revolution, is all the while enlight- 
en'd, and enjoys therefore a continual Day; and 
on the contrary, that all that Space within the 
Compaſs of the Antarctic Circle F, has conti- 


nual Night or Darkneſs covering it. Tis further 


evident (from Prop. 19. Book 2. of the Spherics 
F's of 


68 


that Book) as the Circle is farther diſtant from 


Parts of the Earth, the Days are longeſt, and 


the Equator ; till at laſt at =, the Sun appears in 


— 
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of Theodoſius, that the greater Part of any Cir- 
cle, parallel to the Equator ES, lying between 
it and the Arctic Circle KL, is enlighten'd ; the 
greater Part of any one lying between the Equa- 
tor and the Antarctic Circle F&E, is in Dark- 
neſs ; and that ſo much the more (by Prop. 20. of 


the Equator ; and (by Prop. 11. Book 1.) one half 
of the Equator is always in Darkneſs, and the 
other half always enlighten'd. And therefore in 
that Situation of the Earth, wherein the Sun a- 
pears in S, to the Inhabitants of the Northern | 


Nights ſhorteſt ; conſequently it is Summer : But 
to the Inhabitants of the Southern Part, the Days 
are ſhorteſt, and Nights longeſt ; conſequently *tis 
Winter. And theſe long Days are fo much the 
longer, and ſhort Nights ſo much the ſhorter, ac- 
cording as the Place is more diſtant from the E- 
quator: But to ſuch as inhabit the Equator, the 
' Days and Nights are ſtill equal; and conſequently 
are ſo all the Year wi. 
The Earth going forwards thro' , XK, to Y; 
during which Time, the Sun ſeems to move thro? 
the Signs S, N, and M, the Sun returns towards 


the Equator of the Heavens, (becauſe at that 
Time, the Plane of the Earth's Equator produc'd 
does again paſs thro' the Sun,) making the Days 
equal to the Nights all over the Earth. And now 
again the Extremities of the Sun's Illumination 
reach to both Poles ; ſo that the Day under the 
Pole E, which has been all the while enlighten'd, 
is equal to the Space of half a Year, (the Time 
the Earth has ſpent ſince its Departure from ;) 
and the Night under the Southern Pole 4, as 


long. | 
The 


/ 
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The Earth moving ſtill forwards thro' the Signs 
, 8, u, the Sun will ſeem in the mean while 
to go thro' =, i and “, and to decline gradu- 
ally from the Equator towards the South ; till at 
laſt, the Earth being really in &, and the Sun 
appearing to be at W, all the ſame Appearances 
will happen to the Inhabitants of the Southern 
Hemiſphere, as have happen'd to the Inhabitants 
of the Northern Hemiſphere, when the Earth 
| was at VS; and what happen'd to the Inhabitants 
of the Southern Hemiſphere before, will now 
happen to them of the Northern. And while 
the Earth is carried thro* S, N and , the Sun 
will ſeem to move thro? , , and X to the E- 
quator, and Y, compleating the Year : And the 
Sun will cauſe the ſame Phenomena of Day and 
Night, the former decreaſing, the latter increaſing, 
to the Inhabitants of the Southern Hemiſphere, - 
as it did to the Inhabitants of the Northern He- 
miſphere, while it went thro” the three oppoſite 
Signs. | | 
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SECTION VI. 


Of the Orbits of the Planets and Comets, 
and their Figure ; together with the Law 
of Centripetal Forces, requiſite to make 
them move in ſuch Orbits. 


d now 
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Tis , E. Veryprimary Planet deſcribes the Perimeter of au 
125 Ellipſe, having the Sun in one of its Focus's. 

4, Having hitherto been treating of what was 


general, twas ſufficient to conſider the way of 
1 every 


The 
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does not differ very much from a Circle. But he 
that conſiders the Phænomena of the Planets 
mov'd about the Sun more cloſely, will find, 


that they are not every where equally diſtant from 


the Sun. For inſtance, the Earth is more di- 
ſtant from the Sun in Summer than in Winter; 
as is evident from the apparent Diameter of the 
Sun, which is greateſt about the Midgle of June, 
and leaſt about tft Middle of December. *Tis 
further evident from the ſwifter Motion of the 
Earth about the Sun, in the midſt of Winter, 


than in the midſt of Summer, near a fifteenth 
Part. And for this Reaſon it is, that there are 


about eight Days more from the Vernal Equinox 
to the Autumnal, than from the Autumnal E- 
quinox to the Vernal ; tho? in both Caſes, the 


Earth or Sun ſeems to have moved but a Semi- 
circle. Since therefore the Earth moves ſwifter 


about the Sun in Winter than in Summer, it 
mult then be nearer to the Sun, by Prop. 12. to 
make the Area, deſcribed by a right Line drawn 
from the Sun, augment equably as the Time, 
the greater Length of the Baſe compenſating 
for the leſſer Altitude of the Trilineal Figure. 
The ſame holds likewiſe in the Motion of the 
other primary Planets about the Sun Nay, the 
Orbit of any of them (except Venus) is more 
different from a Circle, having the Sun for its 


Centre, than the Orbit of the Earth, as ſhall be 


ſhewn hereafter. | | 
This Deviation of the Planets in their Motions 


about the Sun, from the Circumference of a 


Circle concentric with the Sun, is ſo great and 
ſenſible, that all Aſtronomers have been oblig'd to 
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ſuppoſe Excentric Orbs : And becauſe they thought 
it was paſt Diſpute, that all Celeſtial Motion muſt 
be perfectly Circular, they imagined each Planet 
to be mov*d in a Circle, as ATPR | Fig. 29. | ha- 
ving its Centre C at ſuch a Diſtance from the Sun 
S, as might agree with its Motions, The remoteſt 


Point A, of this Excentric Orb from the Sun, they 


call'd the Aphelium ; P, the Peribelium; and both 
theſe they calFd the Apſides; and the right Line 
M, connecting the Apſides, and in which they pla- 
ced the Sun, the Line of the Apſides ; the Part CS 
of it, the Excentricity. And by the Help of ſuch a 


Theory of the Planets as this ſuppoſes, the Places of 


the Planets found by Calculators, agreed exactly 
enough with their true ones in the Heavens ; 
eſpecially of them whoſe Orbits were very little 
different from Circles ; for inſtance, the Earth. 
But when they came to Mars, its Place, by Com- 


- putation from this Theory, was ſo different from 


its Place by Obſervation, that they concluded 
its Orbit was not Circular, but ſomething de- 


preſs'd in the Points I and R, which are re- 


moreſt from the Apſides, and therefore, as it 
were, an Oval. This Oval the ſagacious Kepler, 
(in his Commentaries upon Mars,) after indefati- 
gable Pains in Calculations, found to be a pertect 
Ellipſe, having the Points A and P for its Verti- 
ces, which were the Apſides in the Circular Or- 
bit, he ſtill retaining the ſame Names, and the 
Centre of the Sun for one of its Foci : Becauſe 
this Ellipſe alone exhibits the Diſtances from 
the Sun, (or right Lines SE) agreeable to Ob- 
ſervation, as it does the true Equation for de- 
termining the Angle ASE, from the mean 
Motion of the Planet given: That is, only the 
before-mentioned Ellipſe is of that nature, as 
to haye the Periodic Time, or entire Revolu- 

; F 4 tion, 


For ſuch Orbits, and ſuch only, agree with 
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tion, in the ſame Ratio to the Time ſince its 
Departure from the Aphelium in 4, as the en- 


tire Area AE PLA, is to the Area 4 E AA, 


intercepted between the Line of the Apſides A, 
and the Line SE (known by Obſervation) drawn 


from the Sun to the Planet: But that this is a 


Circumſtance in the Motion of every Planet about 
the Sun, is evident from Prop. 13, Beſides, the 


Place of the Earth in an Elliptic Orbit is ſuch, 


as that the Places of the other Planets about the 
Earth, found in their reſpective Orbits by Calcu- 
lation, and ſeen from the Earth, agree very exact- 


ly with their Places found by Obſervation in the 
Heavens; which happens ſo exactly in no other 


Orbit whatever. Since therefore the Places of the 
Planets, found by a Calculus accommodated to El- 
liptic Orbs, agree ſo exactly with their Places by 
Obſervation ; but do not at all agree with a Cal- 
culus founded upon Orbs of any other Figure, but 


upon the Account of their being ſomething near, 


or approaching to an Elliptic Form ; *tis evident 
that the Orbits deſcribed by the Planets are El- 
liptic. | 1 

The Elliptic Orbits of the Primary Planets de- 
ſcrib'd at out the Sun in the common Focus, are al- 
moſt immovable ; that is, when the Planets-are 


carried to the Apſides of their Orbits, or any otber 
given Points, they return to the ſame Points of the 


Mundane Space nearly. For ſuch kind of Orbits 
only ſolve the obſerved Phenomena of the Places 
of the Planets among the Fix'd Stars, ſeen from 
che Earth, | | 


PRoPOSITION XXXV. 


Comet moves in a Conic Section, that bas the 
Sun in one of its Foci. 


the 
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the Places of the Comets obſerved in the Hea- 


vens. *Tis true that Kepler, and ſeveral Philo- 


ſophers after him, ſuppoſed the Trajectories of 
Comets to be right Lines ; and have calculated 
their Places upon that Hypotheſis, agreeing 
pretty exactly with their Places by Obſervation. 
But this might have been done, tho' the Comet 
were moved in a Conic Section, if the Obſerya- 
tion were made only while it is in that Part of 
its Orbit, which is not much different from a 
right Line, Let APVBC | Fig. 30. | be a very 


excentric Conic Section; that is, one the Di- 
| ſtance of whoſe Foci is almoſt equal to its 


Tranſverſe Axis: Let S, the Centre of the Sun, 


be one of the Foci; it may be, the Comet is ob- 


ſerv'd while it is deſcribing the Part AP of its 


Orbit; but during the reſt of the Time, while 


it paſs'd from P, thro' V, B, and C, (where it 


diſappears, and goes off into very diſtant Regi- 


ons,) it lies hid by the Rays of the Sun, in re- 


ſpect of the Obſerver upon the Earth, moved 


about the Sun &: Or it may be, the Comet was 
hid under the Beams of the Sun, during its Mo- 
tion along APVB, (the Situation and Motion 


of the Earth allowing of it, and concurring 


thereto ;) and then at laſt is obſerved, when it is 
come to B, and is about to deſcribe the Line BC; 
and in both Caſes, the Path of a Comet differs 
not ſenſibly from a right Line. In the former 
Caſe, the Comets will ſeem to be ſwallow'd by 
the Sun ; becauſe they were ſeen before their 
Acceſs to the Sun, and afterwards were ſeen no 
more; and conſequently are look'd upon as de- 


ſtroy'd. But in the latter Caſe, they will ſeem 


to ariſe out of the Sun, becauſe they were firſt 
ſeen in their Aſcent from the Sun, towards the 
remote Regions. Beſides, when a Comet, in its 

| Deſcent 
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Deſcent towards the Sun, (as in AP) comes un- 
der our Obſervation, approaching afterwards to 


the Sun, and lying hid for ſome time in his 


( 


Rays, (viz. while it deſcribes PV B,) and un- 
expectedly emerges on the other fide of the 
Sun, with a Tail conſiderably increaſed, (for 
Reaſons afterwards to be aſſign'd in their proper 
Place ;) it is commonly taken for a new Comet, 
and different from the former; the Trajectory of 
the one being the right Line AP, but of the o- 
ther BC. Now the Difference and ſeeming 
Contrariety of their Trajectories, have deceived 
ſome Aſtronomers, who have aſſerted that it 
was not the "fame Comet that deſcribed them 
both. Nor is this Miſtake eaſily corrected in a 


Comet that never returns to the ſame Place, as 


we know of, by Obſervation. From all which, 
the Reaſon is plain, why rectilineal Trajectories, 
for the moſt part, agree with the Motion of Co- 
mets ; vi. becauſe only one Portion of it is ta- 
ken for the whole Trajectory : But if the whole 
be conſider*d together, as well in its Deſcent to- 
wards the Sun, as in its Aſcent from it, no other 
Line but a Conic Section would be found to agree 
ire... 8 


Of the three Sections of a Cone, an Ellipſe, 


Mo the Centre of the Sun in one of its Foci, 
is moſt agreeable to the Motion of a Comet; as 
Mall be demonſtrated in its proper Place: And 
if the Comets be durable Bodies, and return, 
none but an Ellipſe will ſuit their Motion. But 
inſtead of a Portion near the Vertex of a very 


excentric Ellipſe, which the Motion of a Co- 


met requires, a Portion of a Parabola, having 


the ſame Vertex and Focus, may be ſubſtituted ; 


becauſe not ſenſibly differing from it; and a Pa- 
rabolic Curve is its true Trajectory, if it ne- 
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ver returns; or elſe perhaps an Hyperbolic one, 
if there be any ſuch Comets, whoſe Motions 
Hyperbolic Trajectories will better agree to, than 
Parabolic ones. ; 


ProPOSITION XXXVI. | 
Very Secondary Planet revolves about its Prima. 
ry one, in the Perimeter of an Ellipſe, having 
the Centre of the Primary one in one of its Foci, © 
As for the Moon, the Earth's Satellit, it ap- 
pears once lefſer in its Revolution about the 
Earth, and at the ſame time flower ; and in tlie 
oppoſite Point greater, and {wifter : *Tis plain, 
therefore, that its Orbit is excentric to the 
Earth. 'That it is an Ellipſe having one Focus in 
the Earth's Centre, may be proved by Reaſons 
like thoſe by which (in the preced. Prop.) e 
demonſtrated the Orbits of the primary Planets a- 
bout the Sun, to be Elliptic : vz. becauſe, aſſu- 
ming an Elliptic Orbit for the Moon, its Diſtan- 
ces from the Earth, and the Equations of its Mo- 
tion, come out agreeable to Obſervation, ſuch as 
are not to be found from the Suppoſttion of any o- 
ther kind of Orbit. All this agrees likewiſe with. 
the Orbits of the Satellits of Jupiter and Saturn ; 


ſe, | tho” they are nearly circular and concentric with 
ny Jupiter and Saturn. LE, 

ws ITho' the Elliptic Orbits of the primary Pla- 
nd nets are at reſt, (as was ſaid in the preceding 
WW, Propoſition,) yet *tis quite otherwiſe in the ſecon- 
zut dary Planets : For their Motions are ſo diſturb'd 
ET | by Cauſes to be explain'd hereafter, that the ſame 
Ag Ellipſes are not deſcribed again, abſtracting from 
ng the Motion of the primary Planet. But to reduce 
g 7 their Orbits to Ellipſes, we muſt imagine the El- 
* lipſe of each ſecondary Planet to be moved fo, as 
7 That the Plane of the Ellipſe, and Focus fix'd in the 


Cen- 
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Centre of the primary Planet continuing the ſame, 
the Axis of the Ellipſe is carried, in conſequentia,, 


by an angular Motion, round the immovable Fo- 
cus. But this Motion is ſo ſlow, and inſenſible, 


(being in the Moon an hundred times ſlower than 


the Moon it ſelt,) that it may very well be ne- 
glected in this Place; and the Ellipſes deſcribed 


by the ſecondary Planets about their primary one, 
may be look'd upon as at reſt, abſtracting from 


their Motion round the Sun in common with their 
primary Planets. | | 


"'PzoPosITION XXX VII. 


F a Body be projected according to the Direction of 

any right Line, and at the ſame time urged by a 
Centripetal Force tending to the Centre 8, | Fig. 31.] 
ſo as by a Motion compounded of both, it deſcribes the 
Curve A Pp; and the right Line PR be a Tangent to 

it, in the Point P; and from the Point B, theneareſt to 
P, a Line BD be dran perpendicular to the right Line 
SP, and the right Line BR parallel to the ſame Ling 
SP; and if the like Conſtruttion bemade at any other 
Point p, of the Curve: I ſay the Centripetal Force in 
8 pd x b da 


—ů—ů— 


br 


P, #s to the Centripetal Force in p, as 
8 PA BDA. 8. 


75 to Or the Centripetal Force 


BR | 
| | | S Pq x q 
in P, is reciprocally as the Solid 2 5 1 


when the Figure PR B D is indefinitely ſmall, 


Let the Force in P, that tends to the Centre 
, be call'd /; and let the Time wherein the in- 
definitely ſmall Arc PB is run, or in which a 
Body, by its Vis inſita alone, would run the in- 
definitely ſmall Tangent P R, be called T. Let 
the Centripetal Force acting 8 p be called » :, 

Ki. and 
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and the Time that pb, or the Tangent pr, is run in, 
call 1. Take an Arc P#, run thro' by the Body in 
the ſame Time with the Arc pb ; and draw þ pa- 
rallel to PS. Theſe Things being ſuppoſed, tis 
evident that the Ratio of the Lineola B R to the 
Lineola br, is compounded of the Ratio of BR to 
e, and of the Ratio of g to br : But (by Prop. 24.) 
BR is to þ&e in the duplicate Ratio of the Arc PR 
to the Arc P; and theſe Arcs, ſince they are 
indefinitely ſmall, are as the Triangles BSP, 
ESP, of the ſame Altitude; that is, (by Prop. 12.) 
as the Times in which they are deſcribed by a 
Radius drawn to S; or, by ConſtruQion, as the 
Times wherein the Arcs PB, pb, are deſcribed. 
Again, the Lineola g, is to the Lineola br, as 
the Cauſes producing them; that is, as the Cen- 
tripetal Force in P, to the Centripetal Force in 
p. And therefore the Ratio of the Lineola BR 
to the Lineola br, is compounded of the dupli- 
cate Ratio of the Times wherein PB and pb 
are deſcribed, and of the Ratio of the Centri- 


That is, in Symbols, — x + 


- br 
2X hd 4 | | 7 
Ir = . And conſequently 3 3 . 
But (by Prop. 11.) Tisto?, as the Area SBP to 
the Area Sp; or as its Double SP « BD to 


4p bd the Double of the latter: Therefore 


Pp 


a 7 
inſtead of the Ratio 7 ſubſtituting its equal 
SpA V _ BR SAE A 


b in, d then „ = N 
= 5 or V to v, as BR « $p14*þ44 to br = $P4 3 
B Da; that is, (dividing them by BR «br? 

A — 8 


i on 


4 
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ENT dre ts 


OS pot ” T3 
Force in P tending towards &, is reciprocally as 
; | 5 
the naſcent or evaneſcent Solid * 3 


Which was to be demonſtrated. | 
TL COROLLARY. 


” Hence, if any Figure (A Fp) be given, and 


in it a Point S, to which the Centripetal Force 
is directed ; the Law _— Centripetal Force, 
whereby a Body drawn from its rectilineal Courſe, 
ſhall be made to keep in the Perimeter of that 


Figure, and deſcribe it in its Revolution, may 


be found ; provided this Force be compounded 
of a proper one impreſs'd along the Tangent of 
the Figure. For, the Law ſought (by this 
Prop. 37.) is, that the Force be reciprocally as 
| „ of E - > © be 
the naſcent Solid OS which is to 
be coniputed from the Property of the Figure be- 
ing given. A remarkable Inſtance of which, we 
ſhall give, taken from Nature. —_ 


ProeosITION XXXVIII. Lemma. 
Fa right Line PR | Fig. 32. | touches the El- 
lipſe A PI, whoſe Foci are 8 and P, in any Point 
and a Diameter as IK be drawn parallel to it, 
thro the Centre C; the Portion E P, of the right Line 


SP, joining either of the Foci (as S) and the Point 
of Contact, is equal to CA, half the greater Axis. 
'Thro* the other Focus F, draw F H parallel to 


PR, meeting SP in H. Becauſe (by Prop. 4.8. 
L. 3. El. Conic. Apollonius) the Angles FPZ, HPR, 


are equal, and conſequently their alternate ones 
 PFH, PHP ſo too; therefore PH is equal to PF 


Again, (by 2. Elem. 6.) SE is equal to EH, be- 
> cauſe 


O 


+ 


a 
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cauſe SC is equal to CF; ſand ſince SH is the 
Difference of the right Lines PS, PH, it will 
likewiſe be the Difference of the Lines PS, PF; 
and EH, half this Difference. And therefore 


PE, (made up of the leſſer and half the Diffe- 


rence) is equal to half the Sum of PS, and PF: 
But (by Prop. 52. L. 3. El. Conic.) the right Lines 
SP, PF taken together, are equal to the greater 
Axis: Wherefore half their Sum (that is, EP) 
is equal to half the greater Axis CA. Which was 
to be demonſtrated. „55000 


e ohren 
Et a Body revolve in an Ellipſe; the Law of 
the Centripetal Force tending to the Focus of 
the Ellipſe is required. | 
Let APM Fig. 33. | be the Ellipſe, whoſe Pe- 
rimeter is deſcrib'd by a revolving Body; and let & 


be its Focus or umbilical Point, to which the Force 


whereby the Body drawn from its rectilineal Moti- 
on, and retain'd in the Elliptic Orbit, is directed: 
it is requir'd to find the Law of this Force. 

Draw the conjugate Axes of the Ellipſis T A, 
GY, croſſing one another in the Centre C. And 
thro* any Point P, in its Perimeter, draw a Tan- 
gent PZ, and a Diameter PM, and a Conjugate 
to it IC parallel to PZ, to which, from P, let 
fall the Perpendicular PN. Compleat the Paral- 
lelogram PCTH, and the right Line IH will 
touch the Ellipſe ; (by 17. Book 1. Conic.). Join 
SP cutting IA in E: And thro' B, the neareſt 
Point poſſible to P, draw BR parallel to P'S, 


and BX to PZ, meeting the right Line SP in 


A, and MP in O. 
Now the Centripetal Force tending to &, (by 


ge $P4 « B DI 
Prop. 37.) is reciprocally as the Solid 1 


B 
Which 
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Which therefore muſt be computed from the Na- 
ture of the Ellipſe. In order to which, let the 


principal Parameter of the Ellipſe, or that which 
belongs to the greater Axis T A, be calPd L. 'The 


Ratio of L x BR to B Da is compounded of the 


Ratio's of LX BR to L* PO, LX PO to MO x 
PO, MO Xx PO to BO, BO! to B, and 
B X14 to BDA: But the Ratio of LV BR: to 
L x PO, or (by Prop. 1. El. 6.) of BR or PX 


to PO, is equal to the Ratio of PE to PC, (by 


Prop. 2. El. 6.) becauſe X O is parallel to EQ; 
and (by preced.) PE is equal to AC : There- 
fore the Ratio of LV BR to L x PO is equal to 
the Ratio of AC to PC. The Ratio likewiſe of 
LXPO to AMO x PO is the ſame with the 
Ratio of L to MO. And the Ratio of MO x PO, 
or of the Rectangle MOP to BO, is the ſame 
(by Prop. 21. Book 1. Conte.) with the Ratio of 
the Rectangle MCP (that is, CPA) to JO. 
And in the preſent Caſe, the Ratio of B04 to 
B Ad is the Ratio of Equality; for the Point B 
coinciding with the Point P, BO becomes equal 
to BX. Laſtly, the Ratio of B X14 to BA is 
equal to the Ratio of P E4 to P Na : (For the Tri- 
angles BDX, PNE are equiangular, the Angles 
at D and M being right; and BXD, PEN, be- 
ing alternate, and therefore equal, becaufe of the 
two Parallels BA, EN.) And P Ea is equal to 
C Aa, becauſe the Lines themſelves are equal (by 


prec.) Therefore the Ratio of B XA to BDA 


is the ſame with the Ratio of C44 to P Na. 
Beſides, (by Prop. 12. Book 4. of Gregory St. Vin- 
cent,) the Rectangle under & C and CA is equal to 
the Parallelogram PCTH, that is, to the Rectan- 
gle under JC, PN: Wherefore (by 16. EI. 6.) 


CA is to PN, as IC to CC; therefore CA 


I | is 


OO Cre - 


IO to 04. 


. 
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is to P Nd as ICA to @C1: The ratio therefore 
ef BA to B D1: is the ſame with the Ratio of 
Since therefore the Ratio of 
L, BR to B Da is compounded of the Ratios of 
LxBR to Lx PO, LxPO to MOxPO 


O X PO to BO, BOY, to BX1, andBXd 


to BD 4; *tis compounded alſo of Ratios reſpe- 
ctively equal to theſe; viz. of the Ratios 
of AC to PC, LtoMO, CP4 to IC and IC9 
to & CA; and therefore will be equal to the Ra- 
tio of ACxLx*PC94 to PCXMOXxE C9: 


But (by Prop. 13. Book 1. Conic.) ACR PS C9. 


Subſtituting therefore the one in the room of 
the other, the ratio of Lx BR to B D9, is equal 
to the Ratioof2@C1*PCitoPCx MO x G; 
that is, to the Ratios PC to MO: But (in the 
preſent caſe, ſince the point B is the neareſt 
poſſible to P,) the point O muſt be the leaſt 
diſtance poſſible from the point P; that is, MO 
is equal to 2 PC; and therefore, in this caſe, 
LxBR is equal to BDA: Becauſe therefore, 
in an Ellipſe, BD 4 = 55 B Ks. . 
SP4xBDT4 .. SF xXL%#2 
. will be ( 5 — ; 


IPL. the Centripetal Force therefore is re- 


ciprocally proportional to this Solid ; and L in 
it is a conſtant invariable Right line. 

The Law therefore of the Centripetal Force 
tending to the Focus of an Ellipſe, (whereby a 
Body, turn'd off perpetually from its Rectilineal 
courſe, is kept in the perimeter of that Figure, 
and deſcribes it in its Motion, ) is; that it is reci- 


procally proportional to the Square of the di- 
ſtance of the Place P from the Center or point 


J. Which was to be found. 
G 1 


7 


o 
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„ GN 3. 

If C, the Focus of the Ellipſe, to which the 
Force tends, together with the next Vertex 2, 
continue as before; | Fig. 34. | but the Focus E, ap- 
proaches to it, and at laſt coincides with it; the 
Body P, will now be kept revolving in the Pe- 
rimeter of a Circle, by the Centripetal Force 
tending to S after the ſame manner, and by the 
fame Law, as it was in the Perimeter of the 
Ellipſe. And as a Circle may be deſcribed by a 
Body, acted upon by any Centripetal Force tend- 
ing to a point ſituated without the Right line, 
according to the direction of which it would have 
moved by its Vis inſita alone, (as was ſaid in Prop. 
29.) ſo a Right line will be deſcribed by a Body 
that is urged by no Force tending to a point ſi- 
tuated without the ſaid Right line: For if the 
Vertices continue the ſame, and the Foci ap- 
proach to them, the Ellipſe will be turned into 
a Right line. But to deſcribe any other Lines, 
beſides a Right one and a Circular, a particular 
Law of the Centripal Force is neceſſary. 


COROLLART=z _ 
If the Focus | Fig. 35.] of the Ellipſe, to 
which, as a Center, the Force is directed, toge- 
ther with the next Vertex T, remain as before, 
and the other Focus F, go farther off in infinitum, 
the Body P will be kept in the Perimeter of the 
Figure TP, by a Centripetal Force tending to &, 
after the ſame manner as it was before, and b 
the ſame Law. But in this caſe, the Ellipſe 
will be turn'd into a Parabola : The Law there- 
fore of a Centripetal Force tending to the Focus 
of a Parabola, retaining a Body in the Perimeter 
of ſuch a Figure, is this, v7. that it is recipro- 
procally proportional to the Square of the Diſtance 
trom the Focus. 
„ (O- 


meter 
ci pro- 
ſtance 


CO- 


bs 
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e 

If, all the reſt continuing as before, the Focus 
F, | Fig. 36.] goes off to a more than infinite Di- 
ſtance; | that is, if it appears on the other ſide of 
7, and makes the Vertices A and T lie between the 


Foci & and F.; whereas before, the Foci & and 


F were between the Vertices A and T, | in which 
caſe, the Ellipſe is turn'd into an Hyperbola ; the 
Body acted upon by the ſame Law of the Centri- 
petal Force as before, (that is, ſo as to increaſe, 
as the Square of the Diſtance from the Center 
decreaſes, ) will then move in the Perimeter of 
this Hyperbola. 105 
COROLLART 4. 
But if the Focus F, [Fig. 37.] of the former 
Ellipſe, and the Vertex A continue fixt, and in 
the mean while the other Focus S, to which the 
Force is directed, goes off further and further, to 
an infinite Diſtance, (that is, if the Ellipſe be 
turned into a Parabola ;) the Centripetal Force 
directed to the Point & at an infinite Diſtance, or 


according. to Right lines parallel to the Axis A F, 


by which the Body moves in its Perimeter, will 
become equable: For Diſtances from an infinitely 
diſtant Center, whoſe Intervals are finite, are 
equal. And therefore the Force, which is reci- 


procally as the Square of that Diſtance, is equa- 


ble. And converſely, a Body acted upon by an 
equable Force, tending to a Center infinitely di- 
ſtant, and which conſequently is directed accord- 
ing to Right lines parallel to a given one, in its 
Motion will deſcribe a Parabola, whoſe Axis is 


parallel to the given Right line. And this is the 


famous Theorem of Galileo, concerning the path 
or tract of a Projectile. 


as. = 


* 
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COROLLARY 5. 

All things continuing as before, if the Focus 
, (or Center to which the Force is directed) 
goes off to more than an infinite Diſtance, as in 
Corol. 3. the Focus F did, then the Ellipſe will 
be turned into an Hyperbola, | Figs 38.] and the 
Body will be made to move in the Perimeter of 
the Figure thus changed, by a Force acting ac- 
cording to the direction of the Right line S, 
that is, reciprocally proportional to the Square 
of the Diſtance of the Place from the Center &: 
and that conſequently is a Centrifugal Force, 
with regard to the Point &, becauſe the Curve 
AP, is convex towards A. 

As an Ellipſe is deſcribed by a Body urged 
by a Force tending to either of the Foci (be- 
cauſe within it,) and acting according te the 
Law of the preceding Propoſition ; and an Hy- 
perbola, while the Centripetal Force of the ſame 
Law tends to a Focus within it, or while the 
ſaid Centripetal Force is changed into a Centri- 
fugal one, tending to a Focus, without the Curve: 

So a Parabola, which, as it were a mean betwixt 
theſe two Sections, partakes of the nature of 
both, is deſcribed by the action of a Centripetal 
Force of the ſame Law, tending to a Focus with- 
in the Curve, (as in both the preceding Ones,) 
and by the action of a Centripetal Force tending 
to one Focus, or a Centrifugal Force tending 


from the other, (after the manner of an Ellipſe 


and Hyperbola reſpectively,) according as that 
other Focus is ſuppos'd to be placed towards the 
convex or concave parts of the Curve: For both 
ways it may be conſidered as infinitely diſtant. 


COROLLART 6. 


From this Propoſition and its Corollaries, it 
follows, that if any Body be projected from any 
| | ; Point 


he My A Ar, = © A les 0 herds hed aL 


Book I. of ASTRONOMY. 85 
Point P, according to the direction of any Right 
line PR, with any Velocity, and be acted upon 
at the ſame time by a Centripetal Force, which 
is reciprocally proportional to the Square of the 
diſtance of the Place of the Body from the Cen» 
ter S, ſituated without the above-mention'd Right 
line ; it will be moved in one of the Conic Se- 
Etions, having its Focus, as the Center to which 
the Force is directed. For the Ellipſe of the for- 3 
mer Propoſition can be changed into no other | 
Line but a Right line and a Conic Section; by 
the motion of either Focus in the Axis produced > 
if need be. And the, principal Parameter of > 
this Section or L, by the demonſtration of 
the Propoſition, (where it was ſhewn that LX BR 
DBD, ) is a third proportional to BR and BD 
conſidered as naſcent. T6 9 


PROPOSITION XI. 


F ſeveral Bodies revolve about a common Center, 
and the Centripetal Force be reciprocally as the 
Snare of the Diſtance from the Center; T ſay the 
Squares of the Periodic Times in Ellipſes are as the 
Cubes of the Tranſverſe Axes. 

Let there be any two Orbits AP T, apt, about 
a common Focus &, (Fig. 39.) in which the former 

* Conſtruction is ſuppos'd to continue. Their 
Parameters L and 1 (by Corol. 6. of the pre- 
ceeding Propoſition) are reſpectively equal to 
BDq AA 3 
r 5 the Points B and P, and þ and 
p, coinciding. But RB is to rb (being ge- 
nerated in the ſame time) as the Centripetal 

Force in P, to the Centripetal Force in p; 
that is, by ſuppoſition, as $p4 to SPA. And there- 
fore L: I: e,, 5-43 BDA 8P3- 

| a o 

| Gy b 44 
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Add x Sp d. And BD SP is to hd x Sp, as 
their halves ; that is, as the Areas deſcribed in 
the ſame time by the Bodies P and : And there- 
fore L and I are as the Squares of the Areas, that 


are deſcribed in the ſame time, by Radii drawn 


to the common Center S; that is, theſe Areas 
deſcribed at the ſame time, are in the ſubdupli- 
cate ratio of the Parameters. And ſince the en- 
tire Areas of the Ellipſes are as any leſſer parts 
of them, deſcribed at the ſame time, dravn into 


the reſpective Periodic Times; the entire Areas 


will be to one another, in a ratio compounded 
oß the ſubduplicate ratio of the Parameters, and 
ſimple ratio of the Periodic Times. Again (by 
Prop. 191. Book 4. of Gregory St. Vincent) the 
Ellipſe AGTY is to agty, as ATXGT isto 
atxgy: And therefore the rectangles under 
the Axes of the Ellipſes, are in a ratio com- 
pounded of the ſubduplicate ratio of the Para- 
meters, and of the ſimple ratio. of the Periodic 


Times; that is, as L. x Periodic Time into AP rf 


to :. Periodic Time anto apt. And ſince from 
the nature of an Ellipſe, & Y is a Geometrical 
mean between L and AT, and gy betwixt 4 and 
at; or & T= LITX AT. and gy =Izxatt; 
Therefore LA * ATi: Iixdati:: (GC Tx AT: 


gy x at:) Ly Periodic Time into AP T: I * 
Periodic Time into 4 rt. Dividing therefore the 


Antecedents by L and the Conſequents by 12, 


and ſquaring the Quotients, you will have the 


Cube of 47, to the Cube of at, as the Square 
. of the Periodic Time in the Ellipſe 4 P 7, to 
the Square of the Periodic Time in the Ellipſe 
apt. Which was to be demonſtrated. 
42494]. CQRQLLABRT: IL. : | 
| Becauſe a, Circle is a Species of an Ellipſe 3 
- where both the Foci coincide with the Center, 
and the greater Axis is equal to any Diameter, 
8 | "tis 
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bout the common Center &, in 


/ *tis manifeſt that the Squares of 


| 
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the Periodic 


Times of Bodies revolving in an Ellipſe and 


Circle about the ſame Center, are 


as the Cubes 


of the Tranſverſe Axes : And therefore, if the 
Axes and their Cubes are equal, the Squares of 
the Periodic Times, and conſequently the Perio- 
dic Times in Ellipſes, will be the ſame with 


thoſe in Circles, whoſe Diameters. 
the greater Axes of the Ellipſes. 


are equal to 


: COROLLARY 3. 7 


*Tis. evident from the Demonſtration. of the 
Propoſition, that the Parameters of any Orbits, 
deſcribed by Bodies revolving about a common 
Center, and acted upon by a Centripetal Force, 
which is reciprocally as the Squares of the Di- 


ſtances from the Center, are as t 
the Areas deſcribed in the ſame tir 


drawn to the Center: For this was 
univerſally of any Orbits, whether 
rabolic, or Hyperbolic, before the 
confin'd to Ellipſes, in which only, 


. Time takes Place. 


he Squares of 
ne, by Radii 
demonſtrated 
Elliptig, Pa- 
eaſoning was 
the Periodic 


| PROPOSITION XEt. - 


HE Law of the Centripetal Force being as 


| before; I ſay, the Velocities of Bodies re- 


volving about the ſame Center, in any points what- 
ever, are in a ratio compounded of the ſubduplicate 
ratio of the principal Parameters belonging to the 


be perpendiculars let fall from the c 
upon Right lines that are Tangents 
where the Bodies are. 


Lines they deſcribe, ande of the reciprocal ratio of 


1mM0n Centre 
at the points 


Let the Bodies P and p [ Fig. 40. | revolye a- 


any kind of 


Lines PB, pb. Becauſe the Bodies, by ſuppoſi- 


G4 


tion, 
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tion, are acted upon by a Centripetal Force, 


reciprocally proportional to the Square of the 
Diſtance of the Place from the Center; theſe 


Lines (by Corol. 6. Prop. 39.) will be Conic Se- 


ctions, having & for a Focus. Let their princi- 
pal Parameters be call'd L and J. And from &, 
let fall FN, 52, perpendicular upon the Right lines 
PR, pr, being Tangents in P and p. I fay the 
Velocity of the Body P, is to the Velocity of the 


Body p, in a ratio compounded of the ratio of 


LZ to Iz, and of the ratio of Su to SN; or 
as L* FN to I: x SN. 
Take the Arcs PB, pb, deſcribed in the ſame 
infinitely ſmall time; and thro' B draw B A pa- 
rallel to R P, and B D perpendicular to S; let 
the ſame be done at h. The Velocities in P and p 


are as the naſcent Arcs PB, pb; becauſe they 
are the Spaces run in the ſame time ; that is, 


as the Lines PR and pr equal to them. Again, 
becauſe the right angled Triangles BD X, SNP, 
have the Angles BXD, SPN equal, fince 
B, NP are parallel; therefore SN. SP: BD: 
BX; and ſo B X, or what is equal to it P R= 
SP*x BD  _Spxbd | 
N And pr = becauſe of fi 
milar ratios. But SPXBD, Sp Nd are as 
their halves, that is, the trilineal Figures S PB, 
Spb; or, as the Areas deſcribed at the ſame time 
by the Bodies P and p, which again (by Cor. 2. 
Prop. preced.) are as the Square Roots of the 
Parameters L and J; or as L to It. And there- 


fore PR is to pr, or the Velocity of the Body 
in P, 1s to the Velocity of the Body in p, as 


„ | x * ＋ 
0 7 as L x $n, to} X & N: That is, 


SN 1 

in a Ratio compounded of the ſubduplicate Ratio 
f the Parameters to the Figures PB, pb, and of 
a the 


* 2 
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the reciprocal Ratio of the Perpendiculars, let fall 
from the Center of the Forces S, upon the Tan- 
gents. Which was to be demonſtrated. 


COROLLARY I. 


Hence it follows, that the Velocities of Bo- 
dies, in their greateſt and leaſt Diſtances from 
their common Focus, about which they revolve, 
are in à ratio compounded of the ſubduplicate 
ratio of the Parameters, and of the reciprocal 
ratio of the Diſtances from the common Focus. 
For, in their greateſt and leaſt Diſtances from 
the Focus, the Perpendicular to the Tangent is 
the Diſtance it ſelf. If theſe Diſtances from 
the Center are equal, the Velocities, in that 


moment of time, are in the ſubduplicate ratiq 


of the Parameters ; that other ratio of the di- 


ſtances becoming a ratio of equality. And if 


one of the Figures be a Circle, the Velocity in 
a Conic Section, in the greateſt or leaſt di- 
ſtance from the Focus, will be to the Velocity 


In the Circle, as the Square Root of the Para- 
meter of the Conic Section is to the Square of 
| | | 


the Diſtance. 


Wt 
COROLLARY 2. 
In the ſame or different Figures, having equal 
Parameters, the Velocity of the Body is reci- 
procally as the Perpendicular let fall from the 
Focus, or Center of the Forces, on the Tan- 
ent. For the ſubduplicate ratio of the Para- 
meters, in this caſe, is a ratio of equality. And 
therefore the Velocities of a Body revolving in 


an Ellipſe, in the greateſt and leaſt diſtances 
from the Focus, are reciprocally as the diſtances, 


For, in this caſe, the diſtances are the perpen- 
diculars to the Tangents of the Orbit. 


| 


co. 
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COROL ART. z. 


The apparent Motions of a Body in the prin- | 


cipal Vertices A and P, | Fig. 41.] viewed from 
the Center of the Focus S, are reciprocally as 
the Squares of the Diſtances CA, FP. At the 
Vertices A and P take the indefinitely ſmall Arcs 
Aa, Pp, deſcribed in equal indefinitely ſmall 


Times, by a Body revolving about &; and join 


Sa, Sp. 'The apparent Motions of the Body 
from S, are the Angles 4 Ca, PSp. The Ra- 
tio of theſe Angles A Ca, P $p, is compound- 
ed of the Ratio of Aa to Pp (ſince theſe Arcs 
do not differ from Circular Arcs deſcribed upon 
the Center ,) and of the Ratio of SP to SA; 

or the reciprocal Ratio of the Radii. But be- 
cauſe Aa, Pp are deſcribed in equal Times, 
they will be as the Velocities in the Points 4 
and P, which by Corol: preced.) are as SP to 
$4 And therefore Aa is to P Sp, as SPA 
to Ad. 

COROLLARY 4 


Hence it follows, that if the Orbit be very 


nearly a Circle, the apparent Motions of the 
Body viewed from the Center &, are very nearly 
reciprocally as the Squares of the Diſtances 
from it. For, in this caſe, all the Right lines 
that fall upon the Orbit from , are nearly per- 
pendicular to it. | 

COROLLARY 5. 

From Coro). 2. it follows, that if a Body, 
moved in any Conic Section ADS, | Fig. 42. 
as before, ſhould leave the Curve, and go on 
uniformly in a Right Line P &, touching the 
Curve in P, with the Velocity it had in the 
Point P; the Area SP 9, which it would de- 
ſcribe by a Radius drawn to S, would be equal 
to the Area SAD, which cin the ſame or an 
equal time,) it h deſcribe, being kept ſtill 

moving 
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moving in the Conic Section. Take the lineolas 
SAa, PR, deſcribed in the ſame indefinitely | 


ſmall time, by two Bodies; and from the Focus 
S of the Section, to the Tangents AH and PQ, 


let fall the Perpendiculars SH, SN. By Corol. 2. 
the Velocity in A is to the Velocity in P, as SM 
to SH. But as the Velocities in A and P, fo 
are the Spaces run in the ſame time, by the 
Bodies; namely, Aa, and PR. And therefore 
Aa is to PR, as SN to SH. Therefore the 
Triangle SA@ is equal to the Triangle SPR. 
And ſince this holds in the indefinitely ſmall 
Triangles that conſtitute the Trilineal Figures 
SAD, and SP , and the Spaces SAD, S 
are made up of an equal number of Triangles, 
the Times of running AD and P & being taken 


equal; the Triangle SP is equal to the Area 


PRO PYDOSTITTON XIII. 
THE Primary Planets and Comets move d. 
bout the Sun according to this Law, that the 
Motion of each is compounded of an equable one 
along the Tangent to the Qrbit, and another tending 
towards the Center of the Sun, in which the acce- 
lerating Force is reciprocally proportional to the 
Square of the diſtance from that Center,  _ 
Each of the Primary Planets (by Prop. 13.) is 
acted upon by a Force tending towards the Cen- 
ter of the Sun; and (by Prop. 34.) deſcribes the 
Perimeter of an Ellipſe, having the Sun in its 
Focus; and all this is true alſo of any Comet, 
(by Prop. 14, and 35.) or at leaſt it deſcribes ſome 
other Conick Section having the ſame Focus, 
ſeeing it is ated upon by a Force tending to- 
wards the Sun. And therefore (by Prop. 39. and 
its Corollaries) every Comet is acted upon by 
4 ESE 2 
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an equable Force impreſs'd along a Tangent to 


the Orbit, and another whereby it is drawn off 
Tom the Tangent and kept in a Curvilineal Or- 
bit, which tends towards the Sun's Center, 
placed in the Focus of the Section, and is reci- 
ciprocally proportional to the Square of the di- 
ſtance from it. Which was to be demonſtrated. 
The Planets and Comets therefore are to be 
conceiv'd as ſo many Projectiles, which are acted 
upon by two Forces. For in this manner, and 
this only, do they deſcribe Orbits, ſuch as Ob- 
ſervation finds them to be. And the Law of the 
Force that draws off theſe Projectiles from their 
Rectilineal Metion, is, that it increaſes as the 
Square of the diſtance of the Comet or Pla- 
net projected from the Center of the Sun, de- 
creaſes : Which is the Law whereby the Planets 
tend to the Sun, as we have demonſtrated, o- 
therwiſe than from the Figure of its Path, in 
Prop. 28. 7275 


PROPOSITION XILIII. 


HE Nodes and Apſides of the Orbits of the 
Planets are at reſt. | 
Becauſe by Prop. 40. every Planet revolves in 
an immoveable Plane, therefore the common In- 
terſection of any two of theſe Planes continues 
immoveable : But the Interſection of the Plane 
of any Planet, with the Plane of the Earth's 
Orbit, is the Line of the Nodes of that Planet. 
The Nodes therefore of that, and in like man- 
ner of all the Planets, are at reſt, Beſides, every 


Planet deſcribes, in a Plane that is pe reſt, al- 


ways the {ame Ellipſe, which therefofe is at reſt, 


(by Prop. 34.) and conſequently its Apſides are 


at reſt, Which was to be demonſtrated. 
COROL. 


| 


— 
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353 COR OLLAR T. 
since the office of every Fixt Star is like 
that of the Sun, (as far as Men are capable of 
Judging 3 ) that is, to have ſeveral leſſer Bodies 
like ſo many Planets -revolving round its vaſt 
Body; its other affections likewiſe will be ſi- 
milar ; as, that its Motion, like the Sun's, will 
be none, or inſenſible ; which is farther evident 
from the conſtant and mutual Diſtance of the 
Fixt Stars, which is always the ſame: and there- 
fore the Situation of the Nodes and of the Apſides 
of the Planerary Orbits, .in reſpect to the Fixed 
Stars, continues the ſame. 1 
| SCHOLIUM. 
'This Propoſition is true, if the Centripetal 
Force of the Planets towards the Sun be only 


conſidered, as has hitherto been done: But if 
the mutual Actions of the Planets and Comets 


upon one another, be taken into the conſidera- 
tion, things will be a little otherwiſe : as ſhall 
be ſhewn in its proper place. But the Effects 


ol theſe Actions, by reaſon of the ſmalneſs of 


the Forces that produce them, are very ſmall, 
and as it were none at all, and therefore to be 
neglected in this place. Nay, the Motions of 
the Nodes and Apſides of the Primary Planets are 
ſo ſmall, that no notice at all have been taken of 
them by very conſiderable Aſtronomers, in their 
Calculations, and the Nodes and Apſides look'd 
upon as being at reſt. | 


ProPosITION XLIV. 


HE Planets and Comets move in the Heas 

vens with the greateſt Freedom; and con- 

ſequently their Motion may be preſerved for a very 
long ſpace of time. ; 

For, in Prop. 39. (where we determined the 

Law of the Centripetal Force, whereby a Body 

Fw: 1S 
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is urged, that revolves in the Perimeter of an 


Ellipſe, or any other Conic Section, having the 
Centre to which the Force tends for a Focus,) 
we ſuppoſed both the Motions, of which the 
Motion in an Elliptic, Parrbolic, or Hyperbo- 
lic Curve is compounded, to be perfectly free, 
and having nothing to hinder or reſiſt it. Since 
therefore the Planets in their Motion, deſcribe 
perfect Ellipſes, whoſe common Focus is the 
Sun, and continue their revolutions in the ſame 


Ellipſes; tis manifeſt on the Contrary, that 


the Motions of the Planets are entirely free from 
all reſiſtance ; that is, that the Planets move in 
the Heavens very freely. And if the Planets 


move freely in the Heavens, without way reſi- 


ſtance, the Comets will do ſo too; becauſe they 
are moved along the regions of the Planets, du- 


ring their being viſible to the Inhabitants of the 


Earth, in Orbits that are either true Ellipſes, or 
ſpecies of Ellipſes; namely, Parabola's or Hy- 


perbola's, having the Sun in the Focus; to the” 


deſcription of which the ſame freedom from all 
reſiſtance is neceſſary. And that the reſiſtance 
of the medium in the regions of the Solar Sy- 
ſtem, beyond the Planets, is not greater than 


in the Planetary regions, is very probable. For 


if there were the leaſt ſenſible reſiſtance in the 
Heavens, the ſame Orbits could not be deſcribed 
by the Planets carried about the Sun, like ſo 
many Projectiles, as have been demonſtrated to 
agree to them, moving freely : But, juſt as in 
our Air, the way of a Projectile is found to be 
very different from a Parabola, which it would 
deſcribe, if there were no reſiſtance ; ſo the 
ways of the Planets at leaſt after ſeveral revo- 
lutions, would be found to be very different from 
Ellipſes ; and the Ellipſes would not be the ſame, 
for Magnitude and Poſition, with ſuch as are to be 

de- 
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deſcribed by Planets, moved in free Spaces, 
nor would ſo exactly agree with the Places ob- 
ſerved in former times, as well as in the preſent 


Age, as we find by a due Calculation they do. 


Conſequently there is no reſiſtance at all : But 
the Planets and Comets move in the Heavens 
very freely, and therefore their Motion may be 


continued, ſo as to endure for a very on time, 
Which was to be demonſtrated. 


PkOPOSITION XLV. 


H E Secondary Planets move about the Primary 
ones according to this Law, that beſides the 
accelerating Force of the Primary ones, the Motion 
of each is compounded of an equal one, along the 
Tangent to the Orbit, and of another tending to the + 
Centre of the Primary one, in which the accelerate _ 
Force is reciprocally proportional to rhe Square of the 
diftance from the Centre. 

Lay ing aſide all the accelerating Force where- 
by a Primary Planet is urged, (as was done in Prop. 
20.) every Secondary Planet (by Prop. 37.) re- 
volves about its Primary one in the Perimeter of 


an Ellipſe, having a Focus in the Center of the 


Primary one, to which (by Prop. 20.) the Cen- 
tripetal Force by which it is drawn off from its 
rectilineal Motion tends : ( For the difformity of 
of the Ellipſe ariſing from the Motion of the 
Apſides, or from any thing elſe, is fo ſmall that it 
may well be neglected in this place:) And there- 
fore (by Prop. 3 2.) the Law of the Centripetal 


Force tending to the Centre of the Primary one, 


is, that it is reciprocally proportional to the Square 
of the diſtance from the Centre: For by this Force 
only is a Body drawn off from a Rectilineal 
Motion in a Tangent, ariſing from its Vs inſita, 
and kept in an Elliptic Orbit. But theſe two 


Motions (the 0 one equable i in the f angent, the 


other 
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is urged, that revolves in the Perimeter of an 
Ellipſe, or any other Conic Section, having the 


Centre to which the Force tends for a Focus,) 


we ſuppoſed both the Motions, of which the 
Motion in an Elliptic, Parrbolic, or Hyperbo- 
lic Curve is compounded, to be perfectly free, 
and having nothing to hinder or reſiſt it. Since 
therefore the Planets in their Motion, deſcribe 
perfect Ellipſes, whoſe common Focus is the 
Sun, and continue their revolutions in the ſame 
Ellipſes; *tis manifeſt on the Contrary, that 
the Motions of the Planets are entirely free from 
all reſiſtance ; that is, that the Planets move in 
the Heavens very freely. And if the Planets 
move freely in the Heavens, without any reſi- 
ſtance, the Comets will do ſo too; becauſe they 
are moved along the regions of the Planets, du- 
ring their being viſible to the Inhabitants of the 
Earth, in Orbits that are either true Ellipſes, or 
ſpecies of Ellipſes; namely, Parabola's or Hy- 
perbola's, having the Sun in the Focus ; to the 
deſcription of which the ſame freedom from all 
reſiſtance is neceſſary. And that the reſiſtance 
of the medium in the regions of the Solar Sy- 
ſtem, beyond the Planets, is not greater than 
in the Planetary regions, is very probable. For 
if there were the leaſt ſenſible reſiſtance in the 
Heavens, the ſame Orbits could not be deſcribed 
by the Planets carried about the Sun, like ſo 
many Projectiles, as have been demonſtrated to 
agree to them, moving freely : But, juſt as in 
our Air, the way of a Projectile is found to be 
very different from a Parabola, which it would \ 
deſcribe, if there were no reſiſtance; ſo the 
ways of the Planets at leaſt after ſeveral revo- 
lutions, would be found to be very different from 
Ellipſes; and the Ellipſes would not be the ſame, 
for Magnitude and Poſition, with ſuch as are to be 
de- 
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deſcribed by Planets, moved in free Spaces, 
nor would ſo exactly agree with the Places ob- 
ſerved in former times, as well as in the preſent 
Age, as we find by a due Calculation they do. 


Conſequently there is no reſiſtance at all : But 


the Planets and Comets move in the Heavens 
very freely, and therefore their Motion may be 
continued, ſo as to endure for a very long time. 
Which was to be demonſtrated. 


PROPOSITION XLV. 


HE Secondary Planets move about the Primary 
ones according to this Law, that beſides the 
accelerating Force of the Primary ones, the Motion 
of each is compounded of an equal one, along the . 
Tangent to the Orbit, and of another tending tothe 
Centre of the Primary one, in which the accelerate 
Force is reciprocally proportional to the Square of the 
diftance from the Centre. „„ Tg 
Laying aſide all the accelerating Force where- 
by a Primary Planet is urged, (as was done in Prop. 
20.) every Secondary Planet (by Prop. 37. ) re- 
volves about its Primary one in the Perimeter of 
an Ellipſe, having a Focus in the Center of the 
Primary one, to which (by Prop. 20.) the Cen- 
tripetal Force by which it is drawn off from its 
rectilineal Motion tends : (For the difformity of 
of the Ellipſe ariſing from the Motion of the 
Apſides, or from any thing elſe, is ſo ſmall that it 
may well be neglected in this place : ) And there- 


fore (by Prop. 32. ) the Law of the. Centripetal _ 


Force tending to the Centre of the Primary one, 
is, that it is reciprocally proportional to the Square 
of thediſtance from the Centre : For by this Force 
only is a Body drawn off from a Rectilineal 
Motion in a Tangent, ariſing from its V:s inſita, 
and kept in an Elliptic Orbit. But theſe two 
Motions (the one equable in the Tangent, the 

| other 
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other tending towards the Centre of the Prima« 


Planet and increaſing as the Square of the 
diſtance of the Satellite from it, leſſens,) barg 


compounded, make the Secondary Planet to deſ- 
cribe an Elliptic Orbit like a Projectile. 


ww WS. © 
The Planets and Comets are kept in their 
Orbits by Gravity, which 1s propagated 
thro” the whole Solar Syſtem according 
to the ſame Law. 


1 FI 4 . — * * — — 


PRO POSITION XLVI. 


HE Force whereby the Moon tends to the Centre 
of the Earth, is the ſame with the Force of 


Gravity, whereby all Bodies about the Earth tend to 


the ſame Centre. | 
Loet RAE Fig. 43. |] repreſent the Earth, T 
its Center, VL the Orbit of the Moon, L C, a 
part of it run by the Moon in the ſpace of a 
Minute. Becauſe (by Prop. 15.) the Moon fi- 
niſhes its Courſe or whole Circle in 27 days, 
7 hours, 43 minutes ; that is, in 39343 minutes 
of Time; therefore L C is 553 of the whole 
periphery, or 33 Seconds of a degree. Now 
the Circumference of the Earth (according to 
the late menſuration of Mr. Picart) is 123249600 
Paris Feet; conſequently its Semidiameter TA is 
19615800 Feet: wherefore TL the Semidiameter 
of the Moon's Orbit is 1176948000 Feet ; or 
ſixty times 7 A, (by Prop. 15.) And the verſed 
Sine LD of the Arc LC, of 33“, and B C, 
which is equal to it, is 15 Feet, nearly. The 
Force therefore, whereby the Moon tends to- 


ward the Centre of the Earth (as by which it is 


drawn 


r 
d 
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2 


10 


wn 1 F 


, a * 


drawn off from its Rectilineal Motion along the 
Tangent LB, and retained in its Orbit,) is ſuch 
that it impels the Moon towards the Center of 
the Earth, about 15 = Paris Feet in a Minute, 
By the preceding Prop this Force in the Moon 
| Increaſes, as the Square of the diſtance from the 
Center of the Earth leſſens; if therefore it def. 
cends to the Surface of the Earth, where the 
Square of the diſtance from the Center is dimi- 
niſhed 60 * 60 times, it will be increaſed 60 « 6 
times, and therefore *twould impel the Moctt 
placed on the Surface of the Earth, 60 « 60 « 
15 Feet, towards the Center in a minutes time. 
But Gravity is that Force, which impels any 
Body placed on the Surface of the Earth, the 
length of 15: Paris Feet towards the Center, 
in the ſpace of a ſecond of time, as Mr. Hugens 
has determined by very accurate Experiments, in 
Prop. 25. Part 4. of his Horolag. Oſcil. Therefore 
the ſame Force of Gravity, in the ſpace of a 


— 


minute, impells a Body 60 60 * 15 *+ Feet to- 


wards the Centre; becauſe the Spaces run by & 


heavy Body, in its fall, are as the Squares of the 
Times. Since therefore the Force, whereby the, 


Moon is kept in its own Orbit, and the Force of | 
Gravity, perform the like and equal things, and 
would produce the very ſame Effects, inthe {ame | 


Circumſtances, and tend towards the ſame point, 
(namely, the Centre of the Earth,); they are 
the ſame Forces; that is, the Force whereby | 


the Moon is draun off from its Rectilineal Mo- 
tion, and kept in its Orbit, is the ſame Force 
with that we call Gravity. Which was to be de- 


monſtrated. 


A diſtance of the Moon, a little greater thaft 
fixty times the Semidiameter of the Earth, as 6 
would fit the preceding Calculation better: 
Which number likewiſe is more agreeable 
| f 


H 
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to Aſtronomical accounts: Though we have 
thought it ſufficient to give the meaſure in round 
Numbers. | 
mY S TTV 

After the ſame manner as the Moon revolves 
about the Earth, any other heavy Body proje- 


0 
cted with a Force ſtrong enough, from a given | 
Point without the Surface of the Earth, accor- 
ding to the direction of an Horizontal. Right 71 
Line, would deſcribe an Orbit, and compleat a J 
revolution, like a Planet, without touching the j 
Earth; and that continually. Let the Circle = 
ABCD | Pig. 44. | repreſent the Earth, and Tits v 
Centre. Take any Point without the Surface of 0 
the Earth, as &, from which, let any heavy Body n 
be projected according to the direction of the I 
Line GH, perpendicular to the Line T G. *Tis it 
evident that if the Body be projected with a ver u 
ſmall or no Force, (that is, if it be let fall freely al 
it will fall down to the Point 4, directly under li 
Ez; but if with ſome Force; it will reach the m 
Earth at the Point B, diſtant from 4, towards ſt 
Hz; if with a greater, the Body projected will th 
meet the Earth at C, beyond B. If the projectile of 
Force be increaſed, ſo as that the Body does not ſhi 
reach the Earth, till it has got beyond the Point = 

E, {oppoſite to the Point A, then aſcending a- Cc 
gain towards E, it will compleat the Ellipſe be 
KMF; and if not hindered, will perpetu- Ea 
ally deſcribe it, and ſo become a Planet. If 
the Projectile in the Point M of its Way, op- 
"polite to E, be leſs diſtant from the Earth than 7 
at E; then the Centre of the Earth 7, is the 3 
Focus of the Ellipſe, more remote from E. If 204 
the projectile Force increaſes ſtill, till the Points Pl, 
Mand & are equally diſtant from T, the Path or _ are 
Orbit will be a Circle; and, ſtill augmenting | kep 
the projectile Force, (all other things continu- en” 


ing 


* - 
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ing the ſame,) it will become an Ellipſe, in 
which T'is the Focus that is neareſt &, and the 
other Focus will be removed from T, according 
to the augmentation of the projectile Force, ** 
at length it turns into a Parabola, and then in- 
to an Hyperbola. The ſame things will happen 
tho* H & be not perpendicular to TG, but in this 
caſe, & will not be the principal Vertex of the 
Orbit. The higher the Point @ is above the 
Earth, the leſs Force is needful to turn the Pro- 
jectile into a Planet; and the lower it is, the grea- 
ter: So that if the Moon ſhould be projecte 
with the ſame Celerity as it is carried now in its 
Orbit, from a height above the Earth of but 
mile, like a common Projectile in an Horizontal 
Direction it would meet and ſtrike the Earth before 
it had run the diſtance of 15 miles. For the Arc 
which the Moon runs in 20”, is leſs than 15 miles; 
and a heavy Body in 20” ga Earth in fal- 
ling, runs 20 20x15 Kor 6033 Feet; that ts 
more than a mile; therefore the Moon wotl 
ſtrike the Earth, before it could be projected t 
the diſtance of 15 miles. But if, the action 
of Gravity continuing the ſame, a the Kart! 
ſhould be annihilated, all Pfojectiles (like the 
Planets) would deſcribe Ellipſes, or ſome an. 
*Conic Sections, whoſe common Focus would 
be that point which now is the Center of the 


Earth. | 
PROPOSIT ION XLVII. | 
HE Secondary Planets of Fupiter giavitate 
towards Fupiter, the Satellites of Saturn to- 
wards Saturn, and both the Primary and Seceuddry. 
Planets gravitate towards the Sun; and all of tbein 
are drawn off fFom their Reftilineal Motions, aud 
kept in their Orbits by the Force of their Gravity: 
By reaſon of that Simplicity of Nature Which 
H 78 
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is obſervable in all her Works, more Cauſes ought 
not to be admitted, than are ſufficient to explain 


the Phænomena of Natural things; and the na- 


tural Effects of the ſame kind are to be looked 
upon as having the ſame Cauſes: Since therefore 
the revolution of the Medicean Stars about Jupiter, 
and Saturn's Attendants about Saturn, and of 
the Primary Planets about the Sun, are Phæ- 
nomena of the ſame kind with the revolution of 
the Moon about the Earth; their Cauſes will be 
the ſame. For the Forces whereby the Satellits 
of, Jupiter and Saturn, and the Primary Planets, 
are drawn off from their Rectilineal Motions, and 
kept in their Orbits, reſpect the Centres of Jupi- 
ter, Saturn, and the Sun reſpectively, after the 
ſame manner, as the Force, whereby the Moon 
is kept in its Orbit, reſpects the Centre of the 
Earth; and the Forces whereby they are urged, 
increaſe and decreaſe by the ſame Law, according 


to their different Diſtances from the Centres of 


Jupiter, Saturn, and the Sun reſpectively, as 
the Force acting upon the Moon, placed in various 
Diſtances from the Centre of the Earth; as has 
been demonſtrated before at large: Conſequently 
ſince this Force in the Moon has been ſhewn (in 
Prop. preced.) to be the ſame with the Force, 
which we call Gravity ; that Force, whereby the 


abovemention'd Planets, both Primary and Secon- 
dary, tend reſpectively towards the Sun, and 


their Primary Planets, muſt be the ſame with the 


Force of Gravity. Beſides, all the Secondary 


Planets gravitate alſo towards the Sun, and their 
Gravity towards the Sun is the accelerate Force 
that is common to each Secondary planet and 
its Primary one; concerning which, ſee Prop. 20, 
and 45. Which was to be demonſtrated. 


C OROLLAR T. | 
Hence it is evident, that there is ſuch a thing 

as Gravity towards the Sun and all the Primary 
Planets. For ſince the Moon and all Terreſtrial 
Bodies gravitate towards the Earth, and the Sa- 
tellites of Jupiter and Saturn, towards Jupiter 
and Saturn, reſpectively; and ſince the three 
other Primary Planets, Mercury, Venus and 
Mars, are Bodies of the ſame kind with Saturn, 
Jupiter and the Earth, ( which alſo is evident 
from their Gravity towards the Sun, before de- 
monſtrated,) *tis certain, from the ſimilitude o 
Cauſes of the like natural Effects before laid 
down and eſtabliſhed, that there is a Gravity al- 
ſo towards them, whoſe accelerate Force is 
reciprocally proportional to the Square of the 
diſtance from the Centre. And becauſe to any 
kind of Action, there is a Re- action, equal and 
contrary, the Sun likewiſe muſt gravitate to- 
wards all the Planets, both Primary and Secon- 


dary. Beſides, becauſe it is certain, from Ex- 


periments accurately made, that all kinds of 
Bodies, at the ſame Diſtance, and in equal 
Times, run equal Spaces in their Falls towards 
the Earth, and that the Quantity of Motion of 
unequal Bodies, equally accelerated, is as the 
quantity of Matter. All Bodies, of what Na- 
ture ſoever, in equal Diſtances, gravitate to- 
wards the Earth proportionally to their quan- 
tities of Matter: And ſince no doubt but the 
nature of Gravity towards the Sun and Planets, 
is the ſame as towards the Earth, (which is ſuf» 
ficiently manifeſt from what has been already 
ſaid, as alſo from hence, that the Primary Pla- 
nets and their Satellites, being Bodies very un- 
equal, deſcend towards the Sun with an equal 
accelerate Force, juſt- as Bodies unequal in 
Magnitude and Denſity fall with equal Celerj- 
Ie H 3 1 ties. 
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ties towards the Earth ;) *tis evident that all Bo- 
dies gravitate towards the Sun, and each. of the 
Planets ; and their Gravities towards any one, 


at equal Diſtances from its Centre, are propor- 


tional to the quantities of Matter in each. And 
becauſe all Action is mutual, the Sun and Pla- 
nets gravitate according to the {ame Law towards 
all Bodies, and conſequently all Bodies towards 


Py 


one another. 


* 


PROPHOSTITTON XLVIII. 


HE Force or Efficacy of any Virtue propagated 

from a Centre, or to a Centre, in Right lines 
every way round about, in different places, is recipro- 
cally proportional to the Square of the Diſtance of 
the place from the Centre. | 


Let & | Fig. 45. | be the Centre, from which, 


or to which, the Virtue is propagated. Round it 
deſcribe two Spherical Surfaces TE, MA, at 
any diſtances, ST, SM. I ſay the Force or 
Efficacy of the Virtue in 7, is to the Force of 
the ſame in M, as S Ma, to ST 1. | 
The ſame Virtue equally diffuſed and ſpread 
thro) a double Space, will be twice as little in 


. any given part: And if it be diffuſed thro? a 


triple Space, ir will be three times as little : 
And, univerſally, the Efficacy of the Virtue is 
reciprocally as the Space into which it is dif- 
fuſed ; becauſe *tis directly as the conſtipation 
of the Virtue. But any Virtue, which at the 


diſtance S from the Centre, is equally diffu- 


ſed thro' the Spherical Surface TE; at the di- 
ſtance S M, is diffuſed. thro? the Spherical Sur- 
face M A, after the like manner. 'The Efficacy 
therefore of that Virtue, at the diſtance ST, 
1s to the Efficacy of the ſame at the diſtance 
A, as the Spherical Superficies MA, is to the 
_-_” Sphe- 


a + a a * . 
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Re 
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Spherical Superficies TE; that is, as S M4 i 
S Ta. Which was to be demonſtrated. 

Of this kind are the Virtues or Effects of 
Light, Heat, Ec. and alſo of Gravity, as is 
evident from what has been already demonſtra- 
ted. ' But ſome other Virtues, as thoſe of the 


| 


PrRoPoOsITLION: XLIX. i 7 


HE accelerate Gravities towards different 
Bodies, at equal diftances, areas the N 


 themſetves towards which they tend. 


Let there be any two Bodies Aand B Fig. 46 7 
in any places A and B; they (by Corol. Prop. 47. 


will gravitate mutually towards one another : And 


Since Re- action is equal and contrary to Action, the 
Gravity or Motive Force of the Body A towards 
B, is equal to the Gravity or Motive Force of B 
towards 4. But the Motive Force reſults from 


the Quantity of Matter or Maſs drawn into the 
Accelerate Force, juſt as the Quantity of Motion 


ariſes from the Quantity of Matter drawn into 


the Celerity : therefore the Quantity of Matter 


or Maſs of the Body A, drawn into its Accele- 
rate Force towards B, is equal to the Maſs of 
the Body B drawn into its Accelerate 'Force 


towards A. Conſequently the Accelerate 


Force of the Body A towards B, is to the 


Accelerate Force of the Body B towards 4, 


as the Maſs of the Body B, to the Maſs of the 
Body 4: But the Forces (treated of here,) 
are the Gravities, and the Maſſes of the Bodies 


are the Quantities of Matter, or the Bodies 


themſelves: And therefore the Accelerate 


Gravity of the Body A towards B, is to 


the' Accelerate Gravity of the Body B to- 
wards A, as the Body B, to the Body A. But 
(by what has been demonſtrated above,) all 
H 4 Bodies 
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Bodies placed at the ſame diſtance from the 
Body B, as the Body A is, have an accelerate 
Gravity towards B, equal to that of 4; and all 
Bodies placed at a diſtance from the Body 4, equal 
to that of B, have an Accelerate Gravity towards 
A, equal to that of B; and the diſtance of the 
Body A from the Body B, is equal tothe diſtance 
of the Body B from the Body A, and the Di- 
ſtances and Bodies are taken at pleaſure. There- 
fore the Accelerate Gravities towards different 
Bodies, at equal diſtances, are as the Bodies them- 
ſelyes. Which was to be demonſtrated. 


COROLE A4RT 

From hence it follows, that if Gravity be 

confider'd as the Attractive Force of the Body 

towards which it is directed, propagated as in 

the preceding Propoſition ; the Abſolute Forces 

of attracting Bodies are as the Bodies to which 

they belong. For the Abſolute attractive Force 
of the Body A, is to the Abſolute attractive 
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vi Force of the Body , as the Accelerate At- 
461 traction of all Bodies towards A, is to the Ac- 
14 C.Qlerate attraction of all Bodies towards B, 
"ut at equal diſtance. But, at equal diſtances, 


the Accelerate attraction of all Bodies is 
the ſame with the Accelerate attraction of 
any Body, and theſe Accelerate attractions 
by this Propoſition, are as the Bodies toward 
which they tend; that is, as the Attracting 
Bodies themſelves: And therefore, ex @quo, the 
Abſolute Forces of Attracting Bodies are as 
the Bodies themſelves: to which they bes» 
long. And hence again, and from what goes 
before, (by Prop. 23. El. 6. ) we may conclude 
that the Accelerate Force of the Body A, 
ravitating towards B, is to the Acceleratę 
* of the Body C, gravitating towards P, 

: in 
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jn a Ratio compounded of the Ratio of the Body 
B to the Body D, and of the duplicate Ratio of 
the diſtance between C and D to the diſtance be- 
tween A and B.: And that the Ratio of the 


weight of the Body A to the weight of the Bo- 
dy C, is compounded of the above-mention'd 


compound Ratio, together with the Ratio of the 


Body 4 to the Body C. 


— 


_— 


; 7 


SECTION VIII. 


Of the Motion and Affections of Bodies : 


attracting one another ; which are all 
applied to the Syſtem of the Sun and 
Primary Planets, | 


PROPOSITION L. 


TI ODIES attratiing one another, and re- 


volving about one another, deſcribe ſimilar 


Figures, both about themſelves, and about the come 


mon Center of Gravity. 

In Prop. 39. and the following ones, we have 
explain'd the Motions of Bodies attracted to an 
immoveable Center; for it is moſt proper to 


begin with the moſt ſimple Caſes. But becauſe 


Attractions are made to Bodies, and Bodies 
attract one another; as has been before demon- 
ſtrated : When a Body revolves about . another, 
the attracting Body it ſelf can't be at reſt ; but 
both being aCted upon by a mutual Attraction, 
do revolve ahout the common Center of Gra- 


vity. And if there were more Bodies that mu- 


tuaily attracted one another, they would ſo 
move among themſelves, that the common Cen- 
ter of Grayity might be either at reſt, or in an 
uniform direct Motion. For it is well known 
to Geometricians, that the common Center of 

| Gravity 


2 ws 3 
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Gravity does not change its ſtate of Motion or 
Reſt, by reaſon of the action of Bodies upon one 
another; as has been demonſtrated by Mr. Wren 
and Mr. Hugens. 

Method therefore requires us to conſider the 
Motions of Bodies, as was ſaid, attracting one 
another ; namely, the Orbits they deſcribe, and 
the other general 'Things, wherein a_Syſtem of 
Bodies acting upon one another mutually differ 
from the Syſtem ſuppoſed above ; and that in 
the firſt place univerſally, whatever the Law of 
mutual Attraction be. 

Let & and P Fig. 47.] be the two attracting 
Bodies, which, revolving mutually about one 
another, deſcribe the Curves S/ Pp, while their 
Center of Gravity C is either at reſt, or (which 
does not diſturb the Demonſtration,) moves uni- 
formly in a Right Line: I fay that the four Fi- 
gures, viz. & / C, Pp C, that which & deſcribes 
about P, conſider'd as immoveable, and that 
which P deſcribes about &, conſider'd. after the 
fame manner, are ſichilar. | 

Becauſe & and P continues the ſame, the Ratio 
of CP to CS, during the Motion, will likewife 
continue the ſame ; becauſe, from the nature of 
the Center of Gravity, it is the ſame as that of 
the Bodies & and P: And ſince the Angles PCp, 
S C/ are every where equal, (becauſe C is in the 
Right Line connecting the Bodies,) the Figures 
S/ PpC will be fimilar. For the Figures 
PpC,S/C, which the Right LinepC/ deſcribes 
with an Angular Motion about the Point C, con- 
ſider'd as at reſt, are ſimilar, provided every Mo- 
ment the Ratio of Cp to C/, be the ſame with 
that of CP to CS. o 

Again, becauſe the Ratio between SC and Cp 
is always given, by compounding, the Ratio of 
p to Cp is likewiſe given, and the Line pC/ 
e | | Continues 


* | 
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continues a Right one: And therefore (by what 
has been faid) before the Right Line Cp about 
the Point C, and the Right Line /p about the 
Point / conſidered as at reſt, do deſcribe fimilar 
Figures. Beſides, the Figures whereof one is 
deſcribed by p about /, conſidered as at reſt, the. 


other deſcribed by / about p, conſidered like- 


wiſe as at reſt, are fimilar and equal, (as is de- 
monſtrated in Optics,) becauſe /p is the ſame in 
Magnitude and Pofition with / Wheretore the 
four Figures propoſed are ſimilar. & E. D. 


PROPOSITION LI. | 
P two Bodies 'S and P attract one another by any 
Forces, and in the mean while revolve about 
the common Center of Gravity C; I ſay, that a Fi- 
gure may be deſcribed, by the ſame Forces about 


either of the Bodies conſider'd as at reſt, F ſimilar 
and equal to the Figures, which the Bodies ſo moved 


deſcribe about one another. . 
Suppoſe the Orbits PR, S [| Fig. 48. | to be 


deſcribed firſt about the Point C at reſt, and the 
Points / and p be any Places at pleaſure, to which 


the Bodies & and P arrive at the ſame time. Let 
the Right Line / C p be ſuppos'd to move pa- 
rallel to it ſelf, till the Point / coincides with &, 
and let this be done in all the correſponding 
Points of the Curves $9, PR: Tis evident, 
that when / comes to C, the other extreme of the 
Right Line /p, thus moved parallel toãt ſelf, will 
arrive at the Point E, in the Curve Pa, which the 
Body P would deſcribe about the Point &, if 
(& being at reſt) P ſhould revolve about it, be- 
ing attracted by the ſame Force wherewith the 
Bodies did before mutually attract each orher : 
For the paralle} Motion of the Right Line /p, 
makes no alteration in the Forces, with which the 


Bodies attract each other. But the ſame P is the 


2 Line 


— 
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Line which P deſcribes about &, conſidered as at 
reſt : For thus it really continues at reſt; and the 
length and inclination of the Right Line S to 
SP, is the ſame as that of /p. Since therefore 
theſe Figures are congruous, they are equal and 
Ffmilar. And what has been demonſtrated con- 
cerning the Figure, which P deſcribes about &, 
is true of the Figure, that & deſcribes about 
P, looked upon as at reſt, viz. that it is equal 
and ſimilar. But if the Center of Gravity C 
goes forwards uniformly, by ſuperinducing an 
equal and contrary Motion upon the Syſtem 
of the Bodies & and P, all Things will be 
reduced to the former Caſe : But by this uni- 
form Motion along parallel Right Lines, there 


is begotten no Alteration in the Forces of the 


Bodies & and P. Therefore the Propoſition is 


certain in both Caſes. Which was to be demon- 


ſtrated. 
| C OW RM t:. 
Two Bodies mutually attrãcting one another, 
by any Forces, and revolving about the Center 
of Gravity, deſcribe, by Radii drawn to that 
Center and to one another, Areas that are pro- 
portional to the Times. 
%ͤͤͤ q “ LART 2 
Becauſe a Body revolving about another im- 
movable one, and attracted to it by a Force re- 


ciprocally proportional to the Square of the 


Diſtance, would (by Prop. 39.) deſcribe an El- 
lipſe, or ſome other Conic Section, one of whoſe 
Foci coincides with the Center of the Body that 


is at reſt; it follows, from this Propoſition, that. 


two Bodies attracting one another, by Forces 
reciprocally proportional to the Square of the 
Diſtance, deſcribe, both about. the common 
Center of Gravity, and about one another, Co- 
nic Sections, having their Foci in the Center, 


about which they are deſcribed. And contrari- | 


wiſe 


. / 
. » « 


4 
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wiſe, if ſuch Figures are deſcribed, the Cen- 
tripetal Forces are reciprocally proportional to 
the Squares of the Diſtance. N 


PROPYOSITTON LII. | 
F two Bodies attratting one another by any For- 
ces whatever, mutually revolve about one ano-— 


ther ; their Motion will be the ſame, as if they 
did not attract one another, but both were attracted 
with the ſame Forces by a third Body placed in the 
common Center of Gravity. And the Law of the 
attractive Forces will be the ſame, iu reſpect of the 


diſtauce of the Bodies from that common Center, 


and in reſpect of the whole diſtance between the 


Bodies. | | | 
For the Forces, whereby the Body P Fig. 47. 


tends to F, are directed to any Point whatever, 


in the Right Line P produced towards S. And 
in like manner, the Forces of the Body &, are 
directed to any Point whatever, of the ſame - 
Line produc'd towards P. But C is the only 
Point of the Right Line SP, produced both 
ways, that continues at reſt, in every ſituation 
of the Bodies ; and therefore C is that Point, to 
which the Bodies P and S tend, with the ſame 
Forces as they attract one another. 

Again, becauſe the Bodies that revolve are 
given, the Ratio of their diſtance from the com= 
mon Center of Gravity is given; and conſe- 
quently the Ratio of the Diſtance of each Bo- 
dy from that common Centre to the Diſtance of 
the ſame Body from the other Body. And con- 


' Tequently the Ratio of any Power of the di- 


ſtance of the one, to the like Power of the di- 
ſtance of the other, is given ; as alſo the Ratio 


of any Quantity, which is any ways compounded 


of one diſtance and given Quantities, to ano- 


ther Quantity, which is in the like manner com- 


Foun 


N 


1 
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-pounded of the other diſtance and as many gi- 
ven Quantities, having that given Ratio of the 
Diſtances to the former. Wheretore, if - the - 
Force, whereby one Body is attracted by the 
other be directly or inverfly as the diſtance of 
the Bodies from one another, or as any Power 
of this diſtance ; or laſtly, as any Quantity com- 
pounded any how of this diſtance and the 8 
tities given; this ſame Force, whereby the ſame 
Body is attracted to the common Center of Gra- 
vity, will be in like manner directly or recipro- 
cally as the diſtance of the attracted Body from 
that common Center, or as the ſame Power of 
that diſtance; or laſtly, as a Quantity compound- 
ed after the ſame manner of this diſtance and of 
the analogous given. Quantities : And therefore 
there will be the ſame Law of the attractive 
Force in regard of the diſtance from the Center 
of Gravity, as there is in regard of the diſtances 
of the Bodies. Which was to be demonſtrated. 
' -Pkovos tion LI. 
HF Periodic Time of two Bodies, Saud P, 
| Fig. 49. ] revolving about the common Cen- 
ter of Gravity C, is to the Periodic Time of any 
other Body P, revolving about the other immoveable 
Point S, (attracted with the ſame Forces,) in the 
ſubduplicate Ratio of the Body 8, to the aggregate | 
F the Bodies S and P. | N it 
Let the Body p, equal and ſimilar to P, be | 
imagined to deſcribe the Orbit p4r about , at | t! 
reſt, being ſimilar and equal to S. The Figures t] 
CPDR, /pdr, (by Prop. 50.) are ſimilar ; and 1 
the Forces whereby the Bodies, being in any 8 
Points (D and d) ſimilarly poſited, tend toward 8 
the Centers C and ½ are equal; hecauſe, (by 
Prop. 51.) the Force whereby the Body D tends b 
to E, is equal to the Force, whereby the Body 
f4 tends to ſ And, by the preceding Propo- b. 
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ſition, the Body D tends to the C, with the 


ſame Force as to E. And therefore, (by Corol. 


2. Prop. 26, and Schol. Prop. 29.) the Square 


of the Periodic Time of the Body P, moving 


in the Orbit PDR, is to the Square of the Pe- 
riodic Time of the Body p, in the Orbit p dr, as 
the Right Line CP to the homologous Right 
Line /p; that is, as CP to SP : that is, (from 
the nature of a Center of Gravity) as the Body 


$ tos P. Wherefore the Periodic Time of 


the Body P in the Orbit PDP, (or of the 
Body Sin the Orbit SPL) is to the Periodic 
Time of the Bly -p in the. Orbit pdr, in the 
ſubduplicate Ratio of the Body &, to the aggre- 
gate of the Bodies & and P. Which was to be 
demonſtrated. | 
PxXoPoOsTT1ioNs LIV; | 

F two Bodies S and P, attracting one another 

by Forces reciprocally proportional to the Square 
of their diſtances, revolve about the common Center 
of Gravity; I ſay, that the greater Axe of the 
Ellipſe, which either Body P deſcribes by this Mo- 
tion about the other 8, (in the manner deſcribed in 
Prop. 50.) 7s to the greater Axe of the Ellipſe, 


which the ſame Body P might deſcribe about the 


other 8 at reſt, (as in Prop. 51.) in the ſame 
Periodic Time, in the ſubtriplicate Ratio of the 
ſum of the Bodies S ana P, to the quieſcent Body S. 
If the Ellipſes deſcribed by the Body P, about 
the moveable and quieſcent Body S, were equal, 
the Periodic Times in them (by Prop. 51, 53.) 


would be in the ſubduplicate Ratio of the Body 


S, to the aggregate of the Bodies & and P. Ima- 
gine the laſt Ellipſe to alter, till the Periodic 
Time of the Body P (deſcribing this Ellipſe a- 
bout the quieſcent Body S,) becomes equal to 
the Periodic Time of the Body P revolving a- 
bout the moveable Body S; (as we ſuppoſe in 
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this Propoſition; that is, till the Periodic Time in 
this being leſſen'd may be in the ſaid ſubduplieate 


Ratio of the Body &, to the ſum of the Bodies 


& and P. But becauſe (by Prop. 40.) in, the pre- 
ſent Caſe, the Squares of the Periodic Times are 
as the Cubes of the Tranſverſe Axes, the Peri- 
odic Times themſelves will be in the ſeſquiplicate 
Ratio of the ſaid greater Axes: The greater 
Axis therefore of the latter Eilipſe, being leſ- 
ſen'd, is in a Ratio, whoſe ſeſquiplicate is the 


ſubduplicate Ratio of P to CP; that is, in 


the ſubtriplicate Ratio of & to SP: (For + of 
+==3 :) and conſequently is to the unvaried Axis 


o 
I 


(equal to this before it was lefſen'd) of the other 
Ellipſe, deſcribed about the Body „, in the ſub- 
triplicate Ratio of 5, to Sym. And therefore 


inverſly, the greater Axis of the Ellipſe deſcribed 


about the moveable Body &, is to the greater 


Axis of the Ellipſe deſcribed about the quieſcent 
Body &, in the ſame or an equal Time, in the 
ſubtriplicate Ratio of the Sum of the Bodies 
S* P, to the quieſcent Body S. Which was to 
be demonſtrated. 
Eni . 

HE Law of Attraction being the ſame as be- 

fore, I ſay the Orbit P R, (Fig. 50.) of the 
Body P, comes nearer to an Ellipſe, whoſe Focus is 
C, the common Center of Gravity of the Bodies 


Sand M, than to an Fllipſe, whoſe Focus is S, the 


Center of it ; and that the Areas deſcribed by Radii 
drawn to C, are more proportional to the Times, 
than the Areas deſcribed by Radii drawn to 8 the 
Centre of it. „ 

For the Attractions of the Body P towards & 
and M, compole its abſolute Gravity, which is 
directed more towards C, their common Center 
of Gravity, than towards the greater Bo- 
dies, and W. ch js more nearly reciprocal 
ly proportional to the ſquare of the diſtance 


* 
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P C, than to the ſquare of the diſtance P: 
For this laſt would then hold preciſely, when, 
M becomes nothing; and the ſame would be true 
of M, if it ſhould increaſe till it immenſly exceeds, 
F. *Tis certain therefore, that the Forces, in 
the preſent Caſe, are directed to ſome Point lying 
betwixt & and M, and nearer the greater of them 
4s is their common Centre of Gravity C; which 
alſo is that Point where the Natural Forces of any 
kind of heavy Bodies placed round about it, are 
united and concenter'd: for the aggregate 
of ſeveral heavy Bodies is moſt juſtly looked 
upon to be there, where the common Centre of 
their Gravity is; as it is well known by Philo- 
ſophers. What therefore was propoſed is evi- 
dent and certain. Which was to be demonſtra- 
ted. 


5 PRO POSITION LVI. | 

Uppofing the ſame Laws of the Attraction, T ſay 
the external Body P deſcribes Areas morenearly 
proportional to the Times, about C the common 
Centre of Gravity of the internal Bodies 8 and M, 
by Radii drawn to that Centre, and an Orbit coming 
up nearer to the forin of an Ellipſe, having a Focus 
in that Centre, if the moſt internal and biggeſt 
Body 8 be agitated by theſe Attractions, juſt as the 
others are; than if it ſhould be at reſt, not being at- 
tracted at all, or much more or much leſs attratted, 
or much more or much leſs agitated - 

By the Prop. preced. it is evident, that the 
Centre to which the external Body P is urged, 
is neareſt the Centre of Gravity of the internal 
Bodies & and M. If that Centre coincided with 
this common Centre, and the common Centre 
of Gravity of the three Bodies S, M, and P, 
were at reſt; P on one fide, and the common 
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Centre of & and M on the other, would de- 
ſcribe accurate Ellipſes about the comm Centre 
of all three, being at reſt, and as it were the 
common Focus, by Corol. 2. Prop. 51. And there- 
fore the perturbation of the ſaid Motions (in the 
Ellipſes) will be very ſmall, when the common 
Centre of Gravity of three Bodies, S, M, and P, 
is at reſt: And it is at reſt, if the Body be 
agitated after the ſame manner as the others are; 
as was ſaid before. And therefore the perturba- 
tion will be the leaſt, when & is attracted by 
the ſame Law as the others are. Which was to 
be demonſtrated. 1 oh 
: COROLLART. 


Atſter the ſame manner, if many leſſer Bodies 


revolve about a greater, it may be inferred, 
that the Orbits deſcribed come nearer to Ellip- 
ſes, and the deſcription of the Areas more e- 
quable, if all the Bodies mutually attract one 
another with accelerate Forces, which are as 
their Maſſes directly, and the Squares of their 


diſtances inverſely, (for this is to be agitated, 


juſt as the others are, ſuppoſing the Law of the 
attractions to be the ſame with that in the Pro- 
poſition ; ) and the Focus of each Orbit be placed 
in the common Centre of Gravity of all the in- 
ternal Bodies, than if the greateſt Body were at 
reſt, and made. the. common Focus of all the 


— 


Orbits. | 
ProPosITION LVII. 


QI Everal Bodies, whoſe Accelerate Forces are to 
one another reciprocally as the Squares &f the 
diſtances from their Centres, may he moved in Elip- 
ſes about a great Body, and deſcribe Area's near- 


Ly proportional to the Times, by Radii drawn to 


that Body. 
Let 
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Let the ſeveral leſſer Bodies P, p, , [Fig. 51. 

be ſuppoſed to revolve about a great Body, as 
S: then becauſe the common Centre of Gravi- 
ty of them all does not change its ſtate of Mo- 
tion or Reſt, by their mutual actions upon one a- 

nother, (as was explain'd before,) and they 
are ſuppoſed to be free from all other external 
agitations or impediments ; that Centre may be at 
reſt. If now we ſuppoſe the leſſer Bodies P, p, 2, 
to be ſo little in compariſon to the great one , 
as that it is never ſenſibly diſtant from the ſaid 
common Centre of Gravity, then that greatone 

will be likewiſe very nearly at reſt ; but the leſſer 
Bodies will revolve about this great one in Elli 
ſes, having the great Body in the common Focus; 
and therefore they will deſcribe Areas, by Radii 
drawn to it, proportional to the Times ; bating 
the Errors ariſing either from the digreſſion of 

the greateſt Body from the common Centre of 
Gravity, or from the mutual attractions of the 
lefſer Bodies upon one another. But theſe leſſer 
Bodies may be lefſen'd till that digreſſion or thoſe 
mutual attractions be leſs than any given ones. 
And therefore ſeveral Bodies may move about a 
great one in Elliples, and by Radii drawn to 
its Centre, deſcribe Areas proportional to the 
Times, ſo as that the Errors committed (or what 
hinders them from being exact) may be leſs than 
any aſſignable ones; that is, indefinitely near. 
Which was to be demonſtrated. 


PROPHOSTITTON LVIIL tos 
Y the mutual action of the Sun and any primary 
Planet, the Planet will deſcribe an Ellipſe, 
whoſe Focus is the common Center of Gravity of the 
Sun and the [aid Planet. But by the action of the pri- 
mary Planets upon one another, the Orbit of each is 

12 neuariy 
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nearly an Ellipſe, whoſe Focus is the common Centre 
of Gravity of the Sun, and all the inferior Planets. 
- If the primary Planets gravitated towards the 
Sun, and not the Sun towards the Planets, every 
primary, Planet would deſcribe. an Ellipſe about 
the Sun's Center at reſt, as a Focus; as was de- 
monſtrated in Prop. 42. And if the Maſſes of 
the Planets were inſenſible in compariſon to the 
Maſs of the Sun, the fame would hold very 
nearly, by the preceding Prop.: And that this is al- 
moſt the caſe of the Solar Syſtem, is evident 
from Prop. 34. But becauſe (by Corol. Prop. 47.) 
the Sun not only gravitates towards a Planet, but 
a Planet alſo towards the Sun, and beſides a Pla- 
net is not a Maſs entirely infenſible in regard of 
the Sun; each Planet (by Core). 2. Prop. 51.) de- 
ſcribes an Ellipſe, whoſe Focus is the common 
Centre of Gravity of the Sun and the ſaid 
Planet: And (by Prop. 54.) the greater Axis of 
this Ellipſe, exceeds the greater Axis of the El- 
Jipſe which the Planet would deſcribe about the 
Sun being at reſt, in the ſame or an equal Time, 
in the ſubtriplicate Ratio of the Sums of the Maſ- | 
Jes of the Sun and Planet, to the Maſs of the 
Sun. 
' Beſides, becauſe (by the abovementioned Corol. 
Prop. 47.) the Planets gravitate towards one ano- 
ther, and the Sun is agitated by the ſame attra- 
ctions as the Planets ; Mercury, (by Prop. 5o.) | 
Vill deſcribe very, nearly an Ellipſe having the 
Focus in the Centre of the Sun; Venus an Ellipſe 
whoſe Focus is in the common Centre of 
Gravity of the Sun and Mercury, and. fo ON 5 
each primary Planet will deſcribe an Ellipſe, 
whoſe Focus is the common Centre of Gravity 
of the Sun and all the inferior Planets. And after 
this manner, the actions of the primary Planets 
upon one another, are conſidered,” and reduced to 
a ſtandard. SECT. 
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SECTION IX. 


Of the Motion of a Syſtem of Bodies re- 
volving about another Body; all which 
is applied to the Syſtem of the Sun, and 
the Primary and Secondary Planets. 


Pa0290417i0M 1. 28 
TV HE common Centre of Gravity of a; Syſtem of 
twoor more heauy Bodies, revoluing about one 
another in Ellipſes, may move in an Ellipſe, or any 
other Conic Section, about another great Body placed 
in the Focus of the Ellipſe, and by Radii dratyn to 
the Focus may deſcribe Areas proportional to the 
Times, indefinitely near. | - fe 
Let us ſuppoſe a Syſtem of two Bodies re- 
volving mutually about one another (as in Cor. 2. 
Prop. 51.) and another Syſtem of leſſer Bodies 
L, h a, revolving (after the manner deſcribed 
in Prop. 57. ) about a great one P, | Fig, 52.] to 
go on uniformly in a Right line, which is evi- 
dently poſſible : ( that is, for its common Centre 
of Gravity to move along a Right line, for in- 
ſtance, PR ; ) and in the mean while to be urged 
laterally, by the Force of another great Body 
as &, placed at a great diſtance, and forced to 
move in the Curve PH, being drawn off from 
the Right line PR. Then becauſe equal Acce- 
lerate Forces impreſſed along parallel Right 
lines don't alter the ſituation of the Bodies among 
themſelves ; but cauſe the whole Syſtem,. pre- 
| ſerving their Motions in regard of one another, 


do be transferr'd at the ſame time together; *tis 


evident that in the Motion of the Bodies mutually 
attracted , there will ariſe no alteration from 
9 LS | the 
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the attractions towards the greateſt Body &, 
but from the inequality of the Accelerate At- 
tractions, or from the Inclination of the Lines 
to one another, according to which the Attra- 
ctions are made. Now the diſtance of the 
greateſt Body may be increaſed, till the diffe- 
rences of the Right lines drawn from it to the 
Bodies of the Syſtem in Motion (namely, the 
great one P, and the leſſer L, I, x) in reſpect to 
the Lines themſelves thus drawn, and the Incli- 
nations to one another, become leſs than any 


given ones. And ſince all the Accelerate At- 9 


tractions towards , by the Hypotheſis of Gra- 
vity, are reciprocally as the Squares of the Di- 


ſtances; theſe (in this caſe) differ from equal 


Forces, by a difference which is leſs than any 
given one: And therefore the Motions of the 
parts of the Syſtem P, with its Bodies L, /, 2, 
will perſevere after the ſame manner as before, 
when the greateſt Body & did not attract that 
Syſtem; and the whole Syſtem attracted af- 
107 the manner of one Body, by its Centre of 
Gravity, (in which the whole Syſtem of the 
heavy Bodies P and L, I, X, is ſuppoſed to be 
contracted and united, as in other Philoſophical 
caſes,) will deſcribe a Conic Section whoſe Focus 
is S; and by a Radius drawn to that greateſt 
Body, will deſcribe Areas proportional to the 
Times: And the errors which are over and a- 
bove, may be lefſen'd at pleaſure, by increaſing 
the diſtance of the Body S. Therefore the 
Centre of Gravity of a Syſtem of Bodies P, 
and L, I, a>, may move in an Ellipſe very near- 
Iy. &, E. D. . 
CORO ert. 

When a Syſtem of two Bodies revolving about 
one another, or of a great Body with leſſer Bodies 
revolving about it, is moved about a greater; the 

Motion 


/ 
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Motion of the parts of the Syſtem among 
themſelves will be ſo much the more diſturbed, 
as the greater Body approaches nearer the ſaid 
Syſtem: Becauſe the inclination; of the Lines 
drawn from the greater Body to thoſe parts, is 
greater, and the inequality of the Ratio likewiſe 
greater; and, in one word, becauſe there is 4 
greater receſs made from that caſe, wherein 
there is no perturbation. at all; namely, when 
the Body & is at an infinite diſtancgcqcge. 
 CQRDOLL ART m2 22 03 
Whence, on the contrary, if the parts of a 
Syſtem of the Body P and the leſſer revolving 
Bodies L, i, >, move in Ellipſes or Circles, 
without any conſiderable perturbation; tis mani- 
feſt, that the ſame are only urged very ſlightly 
by Accelerate Forces tending towards othes 
Bodies, or that they are urged equally, and along 
parallel Lines, indefinitely near. 0 
e Pray os riox LX. 5 
IF 4 ſmall Bady L | Fig. 53: | revolves about a 
1 great one T, (as in Corol. 2. Prop. JI.) and the 
Syftem of theſe two Bodies revolves about a very great 
one. 8, (as inthepreceding Prop.) and in theſe three 
Bodies, if the Accelerate Attractions of any two, 
towards the third, be reciprocally as the Squares of 


be Diſtances from the ſame; it is propoſed to ſhew 


in general the Errors committed by the Body L, 


together with the cauſes and reaſons of them; 
namely, why the Body L by a Radius drawn to T, 
does not deſcribe Areas exaftly proportional to the 


Times, and run in the Perimeter of an Ellipſe, one 


of whoſe Foci is T. | = 


Becauſe the Body L is ſometimes more, and 
ſometimes leſs diſtant from the Body &, let & K 


be its mean diſtance; which may likewiſe expreſs 


the Accelerate Attraction of the Body L to- 
wards S, in that mean diſtance, Let the place 5 
14 = ol 
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of the leaſt Body in its Orbit B CG D, be taken 
at pleaſure: And in & L, produced if need be, 
let the Right line & A be taken, ſo as that it be 


to & K in the duplicate Ratio of & Kto & L, which 
conſequently will expreſs the Accelerate At- 
traction of the Body L towards &, when it is 


in the point L, thus aſſumed; becauſe, (by ſup- 
poſition,) the Accelerate Force in L is to the 
Accelerate Force in K, in the duplicate Ratio 
of S Kto S L; that is, (by conſtruction,) as 84 


to S K. Connect TL, and through A draw AA 


parallel to it, meeting & I in M. ; 

' The Attraction (S A) of the Body in L to- 
wards &, may be reſolved (as is well known, ) 
into the Attraftions AM, MS. Wheretore the 
Body L will be urged by a threefold Accelerate 
Force; one tending to 7, and ariſing from 


the mutual attraction of the Bodies L and T; by 


this Force alone, the Body L, by a radius L T 


drawn to the Centre of the Body T, would deſcribe 


Areas proportional to the Times, and an Ellipſe, 
whoſe other Focus is in the ſaid Centre. The 
other Force, by L is urged, is expreſſive 
by AM, and is parallel to the direction LT 
thereof; which, becauſe it tends from L to 
2, added to the former Force, will with it com- 
poſe another, whereby the Areas deſcribed , 
will ſtill be proportional to the Times, ( by Co- 
vol. 1. Prop. 51.) But becauſe this Force, as AM, 
is not reciprocally proportional to the Square 
of the diſtance L T, the Force compounded of 
this and the former, will not be ſuch ; but will 
vary from that proportion, and that ſo much 
the more, as (other things being alike ) this new 
Force added to the former, and repreſented by 
AM, is greater. Conſequently the Body L, 
which is urged by this compound Force, will 
not deſcribe the Perimeter of an Ellipſę, whoſe 
"TY. "PO 


'0 
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and reciprocally proportional to the Square of 
the diſtance from it, is required by Prop. 399 
but will cauſe its Orbit to differ from an Ellipſe, 
whoſe Focus is T; and that Digreſſion will be 
ſo much the greater, as this compound Force 
(whereby L is urged,) varies from a Force reci- 
procally proportional to the Square of the di- 
ſtance from 7; that is, (as has been ſhewn,) 
the greater the ſuperadded Force repreſented by 
AM, is, in reſpect to the Force, whereby J. is 
attracted to T, other Circumſtances being alike. 
Again, the third Force, whereby the Body L is 


urged, and which the Right line M repreſents, 


acting according to the direction of it, (namely 
according to the direction of L F parallel to M$) 
ſuperadded to the former Forces, will compound 
another, whoſe Direction is not from L towards 
T; but along a Right line declining from thence 
towards F, more or leſs, according to the Ratio 
of this. third Force to the ſum of the former 


PForces. And therefore the whole Force, where- 


by L is compounded of all three, ſince it does 


not tend to 2, (by Prop. 40.) will make the Bo- 


dy L deſcribe Areas not proportional to the Times, 


by the Radius LT. And the digreſſion from this 


ſimilitude of the Ratios between the Areas de- 


ſcribed and the Times in which they are deſcribed, 
will be ſo much the greater, as the Ratio of this 


third Force acting according to the direction of 
LF, to the former Forces, is greater. Beſides, 
the ſuperaddition of this third Force will induce 


a deformity. in the Elliptic Figure of the Orbit, 
on a double account; both. becauſe it is not di- 


rected from L to 7, and becauſe it is not reci- 


| pre? proportional to the Square of the di- 


nce ; and the deformity is ſo much the great- 


er 


Focus is T; (for to do this a Force tending to 7, | 
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er, as, other things being alike, this Force M & 18 


greater. In the Right line S 7, (from & towards 
T) take S N, to & K in the duplicate Ratio of SK 
toST ; then the Accelerate attraction of the Body 
T towards &, will be expreſs'd by SN. If the Ac- 
celerate attractions S M, & N, be equal, (as in the 
2d of theſe Fig.) they will not alter the ſituation 
of the Bodies J and L to one another, by acting 
upon them equally, and according to parallel 
Right lines; But the Bodies & and J approach- 
ing nearer to one another, the Motions of T and 
L, in regard of one another, will be juſt the 
ſame as if theſe attractions were entirely abſent. 
But if the Accelerate attraction & NM, be leſs 
than the Accelerate attraction d M, (as in the 
firſt of theſe Fig. the former, and a part of the 
latter equal to it, will, (as was ſhewn in the 
preceding caſe,) reduce themſelves mutually to 
that State, as if both of them-were abſent, and 
the difference of them, or the part of the Acce- 
lerate Force S M, expreſſed by MN, remain; 
which therefore diſturbs the proportion of the 
Areas and Times, and the Elliptic Figure of the 
Orbit ECB D. But if SN exceed SM, (as in 
the 3d of theſe Figures) their interval MN, will 
denote that difference of the Accelerate Forces, 
whereby the proportion of the ſaid Areas de- 
ſcribed, and 'Times of deſcription, together with 
the Elliptic Form of the Orbit & CB D, are di- 
ſturbed. And therefore by the attraction NS, 
is the third attraction 5 M always reduced to 


MN, which exerts its Force from M to N, or 
from L towards F, the former Forces nes th 


tirely unchanged. And theſe are the Forces that 


generate the Errors of the Body L. &, E. 
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PROYOSITION LXI. 


HE ſame things being ſuppoſed, it is propoſed 


to give an account of ſuch Errors of a ſmall 
Body L Fig: 54. | revolving about a great one T, 
not in the ſame plane wherein T revotves about a 
greater Body S, as ariſes from the inclination of 


. the ſaid Planes; as alſo of the Cauſes and Rea- 
ſons of them. RICH] IST: 


From the demonſtration of the preceding 4+ 
'tis ſhewn, that all the Errors of the Body L, 
ariſe from the Forces repreſented by the Right 
lines AM, M N. But becauſe one of them 
AM, acts according to the direction LZ, which 
lies in the plane of the Orbit of the Body T, the 
Force acting according to its direction, will not 
diſturb the Motion of the Body L, as to its La- 
titude. . | : . 
If the ſituation of the Orbit of the Body L, 
be ſuch, as that the Body & be found in the com- 
mon Section of it, and the Plane of the Orbit 
ET E, which T deſeribes about &: (that is, to 
ſpeak in the Language of an Aſtronomer, if the 
Nodes of the Orbit of the Body L, be in the 
Syzygies of the Body S; ) MN alſo lies in the 
Plane of the Orbit of the Body L; becauſe in 
the common Section And therefore the Force 
acting according to the direction of it, does not 
diſturb theſe Motions. ee e 

The other Things remaining the ſame, let the 


Plane @CBD of the Orbit of the Body L, be 


ſuppoſed to be inclined to the Plane SET, fo 
that one part of it CG D be elevated above it, 
and the other part C B D depreſſed below it: Up- 
on the fame Center with a Semidiameter, let the 
Circle Ch Dg, be ſuppoſed to be deſcribed 
in the Plane S EZ, and the Nodes will be C 
and D: Suppoſe them when ſeen from J, to be 
| | a 11 
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in a Quartile Aſpect with the Body S; that is, 
ſuppoſe the Angles ST D, S C right ones. In 
the caſe of the Motion of the Body L, along the 
Semicircle C D ( /ee the firſt of theſe Fig.) the 
Force as M N of the Body J, acting with the 
direction MN, that is, (from L to F) attracts 
the Body from its Orbit C & D towards Cg D; 
that is, leſſens the Latitude of the Body IL, 
(reckoned from the Plane Cg D): And the Bo- 
dy L, in its continual receding from the Plane 
CG D towards S, till it has arrived to the next 
Node, does not paſs the Plane ETS or Cg D 
in the Point wherein it paſſed before, but a little 
on this ſide of it; and makes the Node of the 
Orbit, now deſcribed by it, a little more in aute- 
cedentia, in regard of the Node D of the Orbit 
CD, which it would have deſcribed without 
this Force M N. In like manner in the Paſſage 
from the Node D to the Node C, through the 
Semicircle D BC, (to which caſe the ſecond of 
theſe Figures is accommodated, ) the Force as 
MN, acting according to the direction of MN, 
or from L towards F, makes the Body L to recede 
perpetually from the Orbit DBC, and deſcribe 


another inclin'd to DC, in a leſſer Angle, and 


to paſs the Plane Db C ſooner than in C; that is, 
than it would have done if the Force M N had 
not been preſent ;and by this means the Node will 
have a new Place tending in antecedentia; and a- 
gain, during its paſſage thro' the part CCD of its 
Orbit towards the conjunction with the Body &, 
the neareſt Node will recede in antecedentia, as be- 
1 LE 9 

_ Beſides, (the Eye being placed in the Line of 
the Nodes produced, ) let Sg T % | Fig. 55.) repre- 
ſent the Plane of the Orbit of the Body T re- 
volving about &, and & D B the Plane of the Or- 
bit of the Body L, while the latter is inclined to 

Po” the 
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the former by the ſmalleſt Angle, namely, & Dg 
or BDE; which happens (as has been ſhewn) 


when the Body L is ſeen from T in the Syzygies 
of the Body S. And ſince it has already been 


ſhewn, that the Nodes of the Orbit of the leaft 
Body L tends in antecedentia ; the Orbit which 
the Body L, departing from &, where it was 
ſeen in conjunction with &, further deſcribes, 
will meet g D on this ſide D in reſpect of &, and 
will be the Line Ed. And the Orbit which the 


ſame L deſcribes, departing from B, where it 
was in oppoſition to &, namely, the Line BY, 


will meet the Plane g Db jn d, viz. beyond D 
in regard of S. And it is evident that the Line 
Gd or BY contains a greater Angle with g D b at 
d or q, than the Angle made by the Line @D 
or BD with the ſame g D; being nearly equal 
to that which the Orbit of the Body L made 
with g Db, when L was very near the Node. 
'The Nodes therefore being in the Quadratures, go 
backwards ; but .in the Syzygies are at reſt ; and 


\ therefore always whether they are Retrogade or 
Stationary, upon the whole go backwards ; but in 
the intermediate Places, partaking of both con- 


ditions, go backwards flower ; and {ſo much the 


flower as they are nearer the Syzygies. But when 


the Nodes are in the Quadratures, the inclina- 


tion of the Plane of the Orbit of the Body L, di- 
miniſhes in the Paſſage of the Body L from the 


Quadratures to the Syzygies, and increaſes in 
the paſſage of the ſame from the Syzygies to the 
Quadratures : (For the Parts of the Lines & d, 
Bo, towards d and 9, are inclined in a greater 
Angle to g Db than their Parts towards & and B; 
and the Orbit of the Body at every moment of 
time is to be looked upon as a Lineola, deſcribed 


by it in that Moment; and that is the Plane of 
the Orbit, which paſſes thro' the ſaid Lineola, 
| : | | „ 


126 be ELEMENTS Book I. 
and the Center of the Body 7.) And therefore 


the Body L being in the Syzygies, the Inclina- x 


tion becomes the leaſt poſſible, and returns to its 
former Magnitude, or thereabouts , when the 
Body comes to the next Node. And thefe are 
the principal Errors ariſing from the Inclinatidn 
of the Planes. &, E. I. wg GO 
0 . be, 
The ſame holds, tho the Body L Fig. 56.] re- 
volves not about 7; but both T and L about &. 
as a Center. For in this Caſe the outmoſt 7 
produces the Effect of the Body &; and S, to- 
ether with L revolving about it, ſupplies the 
laces of T'and L revolving about it, in the fore- 
going Caſe. For the Demonſtration is the ſame, 
whether the diſturbing Body moves or not. 
| CURDLEAE4K 7... | 
By the ſame Laws, as the Body L Fig. 54. ] 
revolves about T, let us imagine ſeveral Bodies to 
move about the ſame T, at equal diſtances from 
it; and a Ring CB D rigid and concentric 
with the Body 7, made up of them, being mul- 
tiplied, and at length becoming contiguous: 
Then the ſeveral Parts of the Ring will perform 
all their Motions (which are not impeded by 
the Rigidity,) according to the Law of the Bo- 
dy L. And therefore the Nodes C and D of the 
Ring CB D & are at reſt, when they are in the 
Syzygies of the Body &: and will move from 
them, in antecedentia, ſwiftly in the Quadratures, 
and ſlowly in all other Places: And the inclina- 
tion of the Ring will alter, (the Axis of it oſcil- 
lating) as has been ſhewn concerning the Orbit 
CD, in the Propoſition. 0 
If now the Globe T having the ſame Axis 
with the Ring CB D &, (and compleating its Re- 
volutions about that Axis in the ſame times,) be 
conceived to be increaſed ſo big, or the Ring 
pe | | (other 


mul- 


oſcil- 
Orbit 


Axis 
5 Re- 
,) be 
Ring 
other 
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(other Things remaining as before) leſſen'd, ſo 
as that the Globe touches the Surface of the Ring 
within ſide, and clings to it, becauſe cloſely en- 
compaſs'd by it: 'The Globe T (which we ſup- 
poſe entirely indifferent to all impreſſions,) will 
partake of the Motion of the Ring, and the ag- 


| gregate of them both, will oſcillate, and the 


Nodes of the Ring (gr the interſections of it 
with the Plane of the Orbit of the Body Tabout 
S,) will go backwards. „ 

8 0 PRoPOsITION LXII. 
THE Body L, [Fig. 54. ] by a Radius drawn 
to T, will deſcribe Areas more nearly propor- 


tional to the Times, and a Figure coming nearer to 
' 7 the Form of an Ellipſe, whoſe Focus is T, if T 


be attracted towards 8, by the ſame Law as L is, 
great deal lefs. at as 
For, by the preced. Prop. the perturbation of 
the Proportionality of the Areas and Times, 
and the deformity of the Figure of the Orbit, 
ariſe principally Go the Force repreſented b 
MN. And therefore the Areas and Times will 
come neareſt to the Proportionality, and the 
Orbit @CBD to an Elliptic Figure, when MN 
is nothing, or the ſmalleſt poſſible : That is, 
when S 11,S N the Accelerate Attractions, (whoſe 
difference is M N) of the Bodies L and T, are 
nearly equal ; or, which is much the ſame, when 
the Accelerate Attractions of the Bodies L and T 
towards &, approach as near as poſſible to an 
equality: For the other part of the Accelera 
attraction of the Body L to S, expreſſed by CA, 
vis. AM, tho? it does not diſturb the ſaid Pro- 
portionality, yet it renders the Elliptic Figure 
deformed ; that is, when SN, the Accelerate 
Attraction of the Body T towards S, is ſome- 
thing; (for from what has been ſhewn above, 
| the 


than if it were attracted a great deal more or a 
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the Attraction S M is reduced to a leſſer M N by 


the Attraction S N,) nor leis than the ſmalleſt of 


all the Attractions & MH, (otherwiſe M N would 
be too great in every ſituation of the Body L,) 
but as it were a mean between the greateit and 
leaſt of all the S M's; that is, neither much great- 
er nor much leſs than the Attraction & K. And 
therefore the Body L, by a Radius drawn to T, 
will deſcribe Areas more proportional to the 
Times, and à Figure approaching nearer to an 
Ellipſe, if F be attracted towards &, by the ſame 


Law as L, than if it were attracted much more 


or leſs. Which was to be demonſtrated.  ﬀ >, 
The fame holds, if (other things remaining as 
before) the Body L did not revolve. about 7; 
but both T and L about S. For, as was ſaid in 
the preceding, the, Demonſtration is the ſame 
whether the diſturbing Body moves or not. 


| SCHOLIUM. 
In like manner if a Syſtem of Bodies P and L, 
z, >, | Fig. 52.] revolve, about S; (as in Prop. 
59.) the Orbits deſcribed will come nearer: to 


Elliptic ones, if all the Bodies were ated upon 


by the ſame Laws. of Attraction, than if on any 
account, the ſame Laws did not hold ; and the 
common Center of Gravity of the Bodies P, L, 
I, a, will deſcribe an Orbit whoſe Focus is in 
the common Center of Gravity of all the inferior 
Bodies ; as in Cor. Prop. 56. a «4 


PO POSITION LXIII. 
ROM the mutual action of the Earth and 
: Moon, their common Center of Gravity moves 
in the Orbis Magnus about the Sun. After the ſame 
manner, the common Center of Gravity of Fupiter 


and its Satellites, and of Saturn and its Attendants, 


= <4 


cauſe 
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art carried in the Orbits of Fupiter and Saturn; 
determined in Prop. 58. e DEI, Dj's 
: Becauſe (by Prop. 46. and 47.) the Moon gra- 


vitates towards the Earth, and the Earth towards 


the Moon; the Satellites of Jupiter towards 


-Jupiter, and Jupiter in like manner towards its 


Satellites; Saturn's Attendants towards Saturn, 
and Saturn towards its Attendants; what was 


propoſed is evident from Prop. 59. And becauſe 


(by Corol. Prop. 47.) the Sun, every Primary Pla- 
net, and its Secondary one, are acted upon by the 
fame Laws of attraction, the Orbit of each Se- 
condary Planet is very nearly an Ellipſe, having 
a Focus in the Centre of the Primary one, by the 
foregoing Prop. But the motions of the Satellites 
are diſturbed, as has been ſhewn in Prop. 60 and. 
61. and are affected with various inequalities, that 
ſhall be treated of in their proper places here- 


PxoposITION LXIV. © 
Y reaſon of the Figureof the Barth, the Equi- 
noctial Points go backwards, and the Axis of 
the Earth, in every Annual Revolution, twice chan= 
ges its inclination to the Ecliptic, and twice retarns 
to its former inclination. 
In Prop. 33. We conſidered the Akis of the 

Earth, as remaining always exactly parallel to 
it ſelf; becauſe then we had only the Phenomena ' 
of one Revolution to explain, in which ſpace of 
time it preſerves its Paralleliſm very nearly. But 
becauſe of the Earth's Figure, which is an Oblate 
Sphæroid, ariſing from the Cauſes pointed at in 
Prop. 31. the caſe is now ſomething different, 

Let Y > == Y(Fig. 55. be the Orbit of the Earth 
about the Sun , AE the Earth it ſelf, whoſe 


| Poles are A and B, and I the Equator. Be- 


cauſe (by Prop. 3 I.) the Earth is an oblate Sphæroid, 
| K | | (de- 


(depreſſed towards the Poles 4 and B, and ele- 


vated towards the Equator E Q,) it is like a 
Globe faſten'd to a Ring; for that exceſs of 


Matter, which is about the Equator, ſupplies g 
the place of a Ring. And therefore, by Coro. f 
Prop. 61, the Nodes of this Ring will go back-'_ { 
—— wards: That is, the Earth departing from =, E 
(where the common interſection of the Ecliptic 8 
and the Equator of the Earth, is directed towards | 
the Sun A, and conſequently the Sun ſeen in the b 
Equator in the Heavens, makes the Equinox, ) of 
thro? VS towards Y, will arrive at the Node by 
ſooner than at Y the point oppoſite to : And w 
the Earth going forward from V thro' S, towards V 
, will arrive at the new Node, ſooner that at , in 
where the Node = was in the former revolution; E: 
that is, the plane of the Equator of the Earth Sy 
* produced, will paſs through the Sun ſooner than In 
the Earth's Centre arrives at =. But then the ſe 
Equinox is celebrated, when the Sun is found in MW an, 
the plane of the Earth's Equator ; (as has been wi 
ſhewn at large, Prop. 33.) and they are to be Ea 
looked upon as the Equinoctial Points, in which tio 
the Sun appears at the time of the Equinoxes. to 
Wherefore it is evident, that the Equinoctial Points, twi 
and all the points of the Ecliptie, together with the 
them, that have received any names as ſuch, But 
(becauſe depending upon the Equinoctial Points whe 
and reckoned from them,) will ſeem to go back- tic 
wards, or move in autecedentia; if the Fix'd the 
Stars be taken as immovable. But if the points clin: 
of the Ecliptic be looked upon as unmoved, | Ecli 
then the Fixed Stars will be reckoned to have in 3 
moved as much forwards, or in conſequentia. ſible 
The Regreſſion of the Equinoctial Points, as Ecli 
has been hitherto explained, proceeds from the not 


action of the Sun. upon the Ring compaſling the Place 
| Earth Circ] 
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Earth at the Equator, or the redundant Matter 
at the Equator, as has been ſhewn, Cyrol. Prop. 
Gr. But the Force of the Moon alſo upon this 
ſame Ring is conſiderably great, as is evident 
from the Scho. to Prop, 61, and its Corollary : For 
fince ſhe is always in the Plane of the Ecliptic, 
or not far from it, ſhe will conſpire with the 
Sun in the ſame Effect. | . 

Beſides, in a Semi- revolution of the Earth 4s 
bout the Sun from = thro? VS to V, the inclination 
of the Equator to the Ecliptic by means of the 
action of the Sun, is leſs than when the Earth 


Was in ; and it is leaſt when the Earth is in 
V8, (by Prop. 61.) the Nodes of the Ring being 


in the Quadrature with the Sun. And when the 
Earth is arrived at Y, and the Nodes at the Sun's 
Syzigies, the former Inclination is reſtored again - 
In paſſing from Y thro* Sto =, the like leſ- 
ſening of the ſaid Inclination happens again; 
and the Axis of the Earth oſcillates together 
with the Equator. 'The Axis therefore of rhe 
Earth, in every Revolution, changes its inclina- 


tion to the Ecliptic twice, and twice returns 


to the former inclination ; which will happen 
twice, alſo in every Periodic Month, upon 
the account of the action of the Moon. 
But this Oſcillation will ſcarcely be ſenſible, 
whereas the regreſs of the Points of the Eclip- 
tic is known to every Body, tho” it ariſes from 
the ſame Forces. For in each Equinox, the in- 
clination of the Axis of the Earth towards the 
Ecliptic, returns to its former bigneſs, and 
in a ſeries of Years becomes not more ſen- 
ſible: But the regreſs of the Points of the 
Ecliptic 'is continually onwards, and the Equi- 
noctial Points never return to their ancient 
Place, till they have compleated an entire 
Circle. And ſuch a change as is entirely inſen- 
K 2 ſible 
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ſible in one Year, or half of a Year, (in which | 
ſpace of time the whole change of the. inclina- 7 
tion of the Axis of the Earth is finiſhed,) will in 0 
a ſeries of Years become ſenſible; being made tl 
rpetually the ſame way. Therefore on account n 
of the Figure of the Earth, the Equinoctial 
Points go backwards, and the Axis of the Earth m 
every Year changes its inclination to the Ecliptic it 
twice, and twice returns to its former ſituation 8 
2. E. D. ; | 1 oO! 
- 5 5 | CC 
Pio LAN, „ fil 
HE common Centre of Graviiy of the Sun E: 0 
and all the Planets and Comets is at reſt ; } 
and therefore it may be taken for the Centre of the be 
Solar Syſtem, and even of the World it ſelf. 5 = 
It has been demonſtrated by the Philoſophers cl: 
mention*d in Prop. 5o. that the common Centre | th 
of Gravity does not change its ſtate of motion or te 
reſt, by the actions of Bodies upon one ano- W. 
ther; but that the Law of a Syſtem of Bodies is | 
* the ſame with that of a ſingle Body, as to their Ty 


continuance in the ſaid ſtate ; ſince the progreſ- 

ſive motion of both is to be eſtimated by the mo- 
tion of the Centre of Gravity. 'The common Cen- C; 
tre therefore of the Solar Syſtem is either at reſt, 

or moves uniformly forward; Since excluding all 
external Force, this is the ſtate of - a ſolitary 
Body. Now, the latter can't be aſſerted, ſince 
ſome of the ſurrounding Fix'd Stars would become 
nearer than formerly, and others more remote; 
and conſequently their ſituation and order n 
length of time would be ſenſibly changed; which 
is contrary to Obſervation. And ſince it has 
already been ſhewn, that the Sun, Planets, and 
Comets gravitate towards one another, and 

| | are therefore in continual motion, (only the 

| common Centre of Gravity remaining quiet, ) 

| Y | : 15 
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tis evident that the movable Centre of any one 
of them, can't be look'd upon as the Centre of 
the Solar Syſtem, but the above-mention'd im- 
moveable common Centre of Gravity. | 
But if not an inviſible Point, as the above- 
mention'd, but ſome conſiderable Body very near 
it, is to be looked upon for the Centre of that 
Syſtem, it will be the Sun ; becauſe that, by reaſon 
of the vaſt Quantity. of Matter it contains in 
compariſon to the others, will ſcarce ever be ſen- 
ſibly diſtant from the common Centre of Gravity 
above-mentioned. | | 
And further, if any Figure agrees, and bounds 
be ſet, to the univerſal compages of Bodies (or 
to the World,) no other Syſtem more juſtly 
claims the middle of it, than our Solar ;>and 
therefore no other Centre than that above de- 
termined, is agreeable to the Univerſe. Which 


Was to be demonſtrated, 


* 


SECTION X. 
Concerning the Cauſes and Reaſon of the 
Motions of the Planets, aſſigned by Philo- 
Sophers, Z's 
Her been deſcribing hitherto the Syſtem 


of the World, and that boy in general, ſo 
far as was ſufficient for our purpoſe, and having 


explained the analogous cauſe of the Motions of 


the greater Bodies of the World, or rather the 
ſame, (as is moſt fitting,) with that which we dai- 
ly experience about us; namely the Gravity of 
all Bodies towards all Bodies, whoſe Law is the 
fame with that of our Gravity, or of any other 


Natural Virtue propagated along Right lines 
K 8 


3 Con- 
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coricurring in one Point; that is, having laid 
down the principal foundations of a Phyſical 
Aſtronomy, Regularity of Method requires us to 
conſider the Cauſes and Phyſical Reaſons of theſe 
fame Effects as aſſigned by others; and at the ſame 
time ſee, whether they ſolve the Phenomena, ſo 
well as thoſe we have explained before have done. 
But by the Cauſes we ſpeak of here, we do not 
underſtand the ultimate Cauſes, or ſuch as have 
no Cauſes of themſelves ; but ſuch as we experi- 
ence- about us, and can calculate their Forces, 
and Geometrically inveſtigate their Properties, as 
vue do of any other Quantities ; ſuch as Light, to 
the conſideration of which, various Sciences, as 
Optics, Catoptrics, Dioptrics, owe their Original ; 


Gravity, the affections of which are conſidered in 


Statics, and in almoſt all Mechanics: tho? the 
Cultivators of thoſe Sciences neither underſtood 
the ultimate Cauſes of Light or Gravity, nor 
will they do ſo hereafter. 5 

There are two other famous Sects of this Cæ- 
{eſtial Philoſophy, that attempt to explain the 
Cauſes of the Motions of the Bodies of the Uni- 
verſe, viz, the Keplerian, and the Carteſian: As 


for that which brought in Solid Orbs, and faſten'd 
Intelligences to them to move them, there is 


no occaſion to take notice of, ſince there is 


little of Philoſophy in it, and it has been ſuffi- 


ciently confuted by the Aſtronomers of the 
laſt Age. We ſhall give an account of both 


theſe, and annex the Reaſons why neither of 


them belongs to the Heavens, by ſhewing that 
the Laws of Bodies moved as theſe Philoſophers 
would have them, are not ſuch as are found to be 
obſerved by the Heavenly Bodies. And firſt we 
ſhall explain the Kepleriau Phyſics geliverd in 
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Book 4. Epitome of the Copernican Afronomy, and 
that for the moſt part in his own Words. | 


|  ProPosITION LXVI. 
O explain briefly the Subſtance of the Celeſtial 


; Phyſics of Kepler, or the Cauſe and Reaſon 
_<ohich Jo. Kepler, has aſſigned, why the Planets are 


carried in Orbits about the Sun. et 
I his great Aſtronomer would have the Sun 
to be a vaſt Body, made to move about an Axis 
given in Poſition, by the Creating Power of the 
Divine Being in the beginning of Things; and 
leſt this Motion ſhould languiſh by degrees on 
account of the ſluggiſhneſs of Matter, it is con- 
ſtantly maintained by the care either of the 
Creator, or of ſame Mind deſtin'd to it : 'The 
fame likewiſe he would have to be obſerved in the 
Earth, and the reſt of the Globes of the Univerſe. 
The Sun by this gyratien of his Body, carrying 
about the immateriated Species of its own Body 
thro* the vaſt Spaces of the World, at the ſame 
time, like a Leaver, carries about the Planets 

which are apprehended by this Species. This 


Species is the Virtue of the Sun emitted in Right 


lines thro' the whole Mundane Space, which, 
becauſe it is the Species of a Body, is whirled 
about together with the Sun, like a rapid 
Vortex, running thro' the whole Mundane Space 
with the ſame ſwiftneſs as the Sun turns it {ſelf 


about its Axis, and therefore carries along 


with it the Planer, ſwimming as it- were in this 
River. We are farther to take notice, that beſides 
this Vectory Force in the Sun, there is a natural 
ſluggiſhneſs in the Planets: to all Motion, by 
which they are inclined, by reaſon of their 
Matter, to continue in the place where they 
are. So that there is a conflict between the 
Vectory Power of the Sun, and the fluggiſh- 

KA, nels 
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neſs of the Planet, ariſing from its Matter, 
Both have their ſhare in the Victory; the for- 


mer moves the Planet out of the place it was in; 
the latter in ſome meaſure diſengages its own, 


that is, the Planet's Body from the ſhackles it 
was laid under by the Sun, when apprehended 


by ſome part or other of the circular Virtue; 
vis. by that, which immediately ſucceeds 
the part from which the Planet had juſt diſen- 
gaged it ſelf And becauſe this Virtue that car- 
ries along the Planet, and flows from the Sun's 
Body, has the ſame degrees of weakneſs at dif- 


ferentdiſtances; as Light has ; this Vectory Po. 
er, like the Sun's Illumination, decreaſes as the 


diſtance from the Sun increaſes: Wherefore it 


will carry a Planet placed at a greater diſtance 
from the Sun more ſlowly, and conſequently 


will make its Periodic Time, on this ſcore, great» 
er. Beſides, ſince a like Vectory Power is pro- 
pagated from the Body of each Planet moving 
about its own Axis; this alſo will carry the ſe- 


condary Planets, which it finds in this River of 


its immateriated Vortex, after the ſame manner ; 
and they will never leave their reſpective Primary 
ones, becauſe they are carried by the Species of 


the Sun's Body about the Sun, as well as their 


Primary ones, and together with their Prima 
ones. And upon the ſimple ſuppoſition of cheſs 
things, *tis evident that the Primary Planets would 
be carried about the Sun in Circles concentric to 
the Sun, in the Plane of a great Circle of the Sun 
lying exactly betwixt its Poles; and that the 
Secondary Planets would be carried after the ſame 
manner about their Primary ones. 9% 


Px Ov 


their Orbits orCireles. 


upon, as the Moving Virtue in that diſtance is 


 P 
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"RE ', = 012708 I'T 7 ON LXVII. 
O explain how Kepler from theſe Principles, 
infers that the Periodic Times of the Planets 
will be exattly in the Seſquialteran Proportion of 


* 


Kepler was the firſt who obſerved that this Pro- 


portion held in the Celeſtial Bodies, to the no ö 
ſmall advantage of Aſtronomy and true Phyſics; 
. that in the Revolution of the Primary 
Planets about the Sun, and of the Secondary a- 
bout their reſpective Primary Ones, the Squares 
of the Periodic Times had the fame Proportion 
as the Cubes of the Semidiameter of their Orbits 
or .Diſtances from the Sun ; taking the Mean di- 
ſtances, and abſtracting from the Excentricity. 
And this he inferred from his own Principles 
after the following manner. Since the Vectory 


Power of the Sun, (whereby the Planets are car- 
ried about by the immateriated Vortex or River 
of the Solar Species,) decreaſes like the Illumi- 


nation of a Light Body, the diſtance from its 
fountain or the Sun increaſing ; (that is, in the du- 

plicate Ratio of the diſtances,) and only exerciſes 

its Virtue according to one dimenſion, namely, in 

Length : 'This Vectory Power in producing this 
Effect, (namely, carrying the Planet round) will 
be leſſenꝰd only in the ſimple Ratio of the diſtance | 
from the Sun increaſed : And ſince (by his Ar- : 

chetypical Proportions) he makes the Bulks of the 
Planetary Bodies to have the ſame Ratio as their 
diſtances from the Sun; the Vectory Power of 
the Sun, will employ equal Forces in the carry- 
ing round each Planet; viz. ſo much greater 
on the account of the greater ſize or magnitude 
of the Planet, that the Moving Species. lights 


weaker, and in the fame Ratio; viz. of the 
1 ; diſtance 
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diſtance from the Sun. Again, induced by 4 
Geometrical concinnity, he ſettles the Quantity 
of Matter in the Planets compared with one a- 
nother, in the ſubduplicate Ratio of the Bulk or 
Magnitude ; (and ſo the Denſity will be in the 
ſame ſubduplicate Ratio of the Bulk or Magni- 
tude reciprocally,) that is, as was ſaid before, 
in the ſubduplicate Ratio of the diſtance from 
. . Fry 
Since therefore the Periodic Time in a Planet, 
that is more diſtant from the Sun, is greater 
than in a Planet that is nearer, becauſe the 
Way, (that is, the Orbit) is greater, and becauſe 
the Quantity of Matter to be tranſported is great-. 
er, (but in other Reſpects equal, beauſe equal 
moving Forces are employed upon them, as was 
ſhewn above, ) and ſince the greatneſs of the Way 
is as the diſtance from the Sun, and the Quan- 
tity of Matter greater in the ſubduplicate Ra- 
tio of that diſtance for both Cauſes conjoined, the 
Periodic Time of the remoter Planet will be great- 
er, in the ratio compounded of theſe : But the 
Ratio compounded of a ſimple and ſubduplicate 
Ratio is the ſequialteran or ſeſquiplicate Ratio: 
Wherefore the periodic 'Time of the remoter 
Planet will be greater than that of the nearer, in 
the ſeſquiplicate Ratio of the diſtances from the 
Sun ; that is, the Squares of the Periodic 'Times 
are as the Cubes of the diſtances from the Sun. 
Which things are to be underſtood after the like 
manner concerning the -Secondary Planets re- 
volving about their Primary Ones. 


PrRoPosITION LXVIIE 

s & O explain the Cauſes aſſigned by Kepler, why 

| the Orbits of the Planets are Excentric. 
Since each Planet is a Body cognate with the 


Body of the Sun, having one part (like a Load- 
| | ſtone) 


z5ok I. 


| by a 
lantity 
one a- 
zulk or 
in the 
Hagni- 
zefore, 
from 


lanet, 
Teater 
ſe the 


ecauſe 


great- 


equal 


1S WAS 


> Way 


Quan- 


Ra- 


d, the 
zreat- 
t the 
licate 
atio ; 
noter 
er, in 
the 
imes 

Sun. 
2 like 
S re- 


, why 
8 
1 the 
,oad- 
one) 


* 


Book I. of As r RONOMY., 1 39 


fone) that is, friendly to the Sun, and the o- 


ther the quite contrary : In the converſion of 
the Body of the Sun, this Virtue thereof, where- 
by it attracts or repels the Planet, .according as 
its friendly or contrary part is turn'd to the Sun, 
is alſo turned about ; juſt as in the converſion or 
turning a Load-ſtone round, the attractive or re- 
pelling Force is transferred towards different Parts 
of the World. And when the Sun lays hold of 
a Planet by this Virtue of its Body, whether at- 
tracting or repelling, or acting dubiouſly be- 
tween both, it carries it round along with it; 
for it retains it both by attracting and by repel- 
ling it, and by retaining it, it carries it round. 
Each of our Load-ſtones indeed has two Poles or 


Places of different Virtues, by the one of which, 


one Load-ſtone attracts another after a certain 
Direction; but by the other it repels the ſame. 
But in the Heavens Things are ſomething other- 
wiſe. For the Sun poſſeſſes this active or ener- 
getic Faculty of attracting or repelling a Planet, 
not in this or that Place or Part, but in all the 
Parts of its Body. Therefore it is probable, that 
the Center of the Body of the Sun anſwers to 
one Extremity, Place, or Pole of the Load- 
ſtone; and the whole Surface to the other; ſince 
it attracts or repels a Planet according to a cer- 
tain Direction, not by this or that Place on its 


Surface or Part of its Body, but by the whole. 


Theſe Things being thus ſettled, tis evident, 
that the Body of the Planet will not be carried 
about the Sun at the ſame diſtance from it, 
every where; but while it turns | Fig. 58.] 
its friendly part to the Sun, it will come nearer 
to the Sun, till the Right Lines drawn accord» 
ing to the Direction of this Part, (that is, the 
Fibres along which this attractive Virtue is pro- 
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ated from the Sun,) being almoſt every where 


parallel to themſelves, are no more inclined to 
the Sun, but a Right Line drawn trom the Sun 
to the Planet becomes a perpendicular to theſe 
Fibres ; in which caſe, ſince the Sun does attract 
no longer, the effect of the attraction, (namely, 
the acceſs of the Planet towards the Sun) will 
ceaſe, and the Planet will then be in its neareſt 
approach to the Sun, or in its Perihelion. The 
Planet being ſtill carried about, by the above- 
deſcribed Vectory Power of the Sun, its un- 
friendly Part, or that which ſhuns the Sun, will 
by little and little be directed towards the Sun, 
and hereupon the Planet will be continually re- 
pelled from the Sun; and that will be continued 
till neither of theſe Parts or Places be inclined to- 
wards the Sun, but a Right Line connecting the 
Sun and Planet, would again become perpendicu- 
Jar to the Fibres of the Virtue ; and then the 
Planet will be found in its Aphelion, becauſe at the 
greateſt diſtance that the repelling Force of the 
Sun can remove the Planet to, while it is carried 
about. And the Planet b ing librated by theſe Fi- 
bres, ſo as to be attracted by the Sun in one part of 
its Orbit, and repelled by it inthe other, deſcribes 
an Orbit about the Sun indeed, but not about it 


2s its Center ; but Excentric to the Sun. Again, 


becauſe the Species of the Sun's Body commu- 
nicating a Motion to a Planet, is thinner and 
weaker in a larger Circle in the Ratio of the 


diſtance from the Sun, as it produces this effect, 


(as was ſhewn in the preceding Propoſition) 
and the Planet in the mean. while continues of 
the ſame Bulk and Denſity, becauſe the fame 
Planet: Tis evident, that, other circumſtances 
continuing the ſame, the Celerity of the Planet 
is lefſen'd, in the ſame Ratio with the conſtipa- 
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tion and denſity of the Vectory Power of the 
sun; that is, reciprocally as the diftance from 
the Sun. Farther, the Virtue of the Sun that at- 
tracts and propels the Planet iſſuing along virtual 
Lines proceeding from the Center of the Sun, 
and going round together with the Sun, has its 
ſtrength proportional to the Co- ſine of the An- 
gle, made by the Radius of the Sun and the Fi- 
bre that admits the Solar Virtue into the Planet: 
And therefore this Excentric Orbit will not be a 
perfect Circle, but an Ellipſe, narrower*and more 
depreſs'd on the ſides, and having the Sun for one 
of the Fog: E | 

Nou, from the ſame Principles he ſnews, that 
an Ellipſe is deſcribed about the Sun in the Fo- 
cus, in ſuch a manner as that equal Areas are 
deſcribed in equal Times, by a Radius drawn to 
the Sun, which he calls the Vector; and univer- 


ally, that the Areas, which this ſame Radius 


{ſweeps over, are proportional to the Times where- 


in they are deſcribed, 


But fince theſe libratory Fibres, by the help of 
which the Planets are librated upwards, always 
continue as it were parallel to themſelves while the 
Planet is carried entirely round, and (by what was 
ſhewn before) is ſo inclined in reſpect of the whole 
Univerſe, as that the Line of the Apſides of each 
Planet is perpendicular to thoſe Fibres, which 
are placed either in the Plane of the Orbit, or 
of the Planet, or in a ſituation parallel to it; 
and ſince the Axis of no Primary Planet, about 
which it is turn'd as it were by à diurnal Mo- 


tion, has this Poſition, and no other Line but 


this Axis, and Right Lines parallel to it, can 
keep the ſame ſituation in regard of the Uni- 


verſe, if the entire Globe of the Planet be ſolid 


and united; *tis evident that Kepler was obliged 
to ſuppoſe within this exterior Cruſt of the Pla- 
N. 2 7 2 net, 
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ner, (whoſe Axis keeps a given Poſition, names 


ly, that about which the Planet is turn'd in its 


Diurnal Motion,) a Globe entirely ſeparate and 
divided from this Cruſt, and no ways yielding 
to its Diurnal Motion, whoſe Axis and Right 
Lines parallel to it may ſuſtain the Places of the 


ſaid Libratory Fibres, and conſerve the Poſition 


neceſſary to this purpoſe deſcribed above; while 


the exterior Cruſt, according to the nature of 


each Planet, revolves by a Diurnal Motion pe- 
culiar to it ſelf. | 


PrzoPOSITION LXIX. 


2 O explain the Cauſes aſſigned by Kepler, why 
_ the Orbits of the Planets are inclined to the 


Ecliptic. 

In this Keplerzan Phyſics, which we are now 
upon, if there were no Fibres (ſuch as we de- 
{cribed in the preceding Propoſition) in the Pla- 
nets, by which they are librated upwards ; or if 
theſe Fibres turned their ſide to the Sun; that 
is, neither that Part which was friendly to the 
Sun, nor that Part which was the contrary 3 
each Planet remaining at the ſame diſtance from 
the Sun, would deſcribe a perfect Circle concen- 
tric with the Sun. After the like manner, all the 
Planets (being acted upon only by Forces ari- 
ſing from hence) would go round in the ſame 
Plane in an uniform and direct Stream as it were, 
in the middle of the Channel; (or in a Circle ly- 
ing exactly between the Poles of the Revolu- 


tion of the Sun, called by him the Via Regia, 


or Royal Way.) But becauſe they wander vari- 

ouſly on this or that fide of the Via Regia, the 

Cauſe of this Effect muſt be ſomewhat like that, 

whereby a Ship under fail is thruſt to one fide of 

the Line, according to which it wonld been 

moved by the Wind alone, namely, by an _ 
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kept in an oblique poſition. In each Planet there 


are Fibres (which he calls from their Office, the 


Fibres of Latitude ) always placed in the Plane of 
its Orbit, or paralle] to it, and which remain 
always parallel to themſelves in every con- 
verſion or motion of the Planet; ſo that when a 
Planet is in a Node or the common interſection of 
the Plane of the Via Regia, and the Plane of the 
Orbit, the middle of the Fibre of Latitude that 
paſſes thro* the Centre of the Planet, touches the 
Orbit ; and therefore at any one of theſe Fibres, - 
one part towards one fide of the Via Regia, the 


other part towards the other fide, ſtands with- 


out that Plane, inclined to it at the ſame Angle, 
as the Orbit of the Planet is to the Via Regia. 
Therefore when the Species of the Sun's Body 
meets with that half of the Fibre, which is behind 
and ſtands upwards, it will impel the Planet that 
way, as the half, which is foremoſt, tends towards; 
that is, according to the Plane of the Orbit proper 
to that Planet: But ſince theſe Fibres of Lati- 
tude continue in a poſition parallel to them- 


ſelves thro' the whole Revolution, hence it 


comes to paſs, that in a Planet placed in its 


Limit or greateſt diſtance from the Via Regia, 


neither extremity of the Fibres goes foremoſt, but 
the Fibres directed as it were towards the bot- 
tom of this River, ( that is, towards the Sun,) and 
receiving the impulſe on it's ſide directly oppo- 
ſed to it, give no caule for an ejection farther any 
way ; *till a change be made in theſe points of 
the Limits, ſo that the extremify of the Fibres, 
which went foremoſt before the arrival of the 


Planet to the Limit, may now go behind; the 


other going before; and for that reaſon the 
Planet may begin to approach again towards 
| | SES the 
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the Via Regia. For inſtead of the Power of 
the Rudder in a Ship, there is in the Planet a- 
nother Force of the Fibres much more ſuita- 
ble; becauſe, as the Libratory Fibres have a 
natura! Power to retain a parallel ſituation in 
the tranſportation of the Body, ſo alſo there is 
in the Fibres of Latitude, beſides a like Power 
of retaining a parallel ſituation, another natu- 
ral Power of agility, or of preſerving the ſame 
Line, and of deriving according to the directi- 
on of it, a Motion impreſs'd upon themſelves, 
ſo far as the Motion tends the ſame way with 
that other extreme of the Fibre. Becauſe theſe 
Fibres of Latitude are entirely different from 
the Fibres deſcribed above, by which the Sun 
attracts or repels a Planet, as well in regard of 
the nature and office, as in reſpect to their 
ſituation; for the Fibres of Latitude are every 
where parallel to a Right line touching the Or- 
bit at the Node in the Via Regia: But thoſe 
others (by preced. Prop.) are parallel to a Right 
Line, which is a Tangent to the Orbit in the 
Aphelium : Theſe Fibres, according to Kepler, 
ought to be found in different Bodies, ſince (in 
Kepler's judgment) the Apſides go forwards and 
the Nodes go backwards tho” it be but ſlowly 
in the Primary Planets ; and 'tis certain that the 
ſame happens in the Secondary ones. Wheretore, 
. beſides an exterior Cruſt furniſhed with Fibres, 
by which the Axis, about which the Planet re- 
volves by its Diurnal Motion, is kept parallel 
to it ſelf in its whole circuit about the Sun, he 
found it neceſſary to ſuppoſe an interior Cruſt 
(which might be like a Nucleus, in regard of the 
exterior, ) entirely ſeparate from the former, and 
agitated by other Forces ; in which there are 
Fibres, by which the Planet may be librated 
upwards and downwards: And within this Nu- 
cleus, 
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cleus, or rather Cruſt, he is forced again to ſup- 

ſe another interior Nucleus ſeparate from the 
former middle one, and having adifferent Period, 
in which the Fibres of Latitude are expanded ; 
ſince it is impoſſible that theſe different Fibres 
having different Periods, ſhould be ſpread in one 
and the ſame Solid. 


4, 
PROPOSITION. LXK, 


of | O point out and refute verybriefly the miſtakes 


that are to be found in the Keplerian Celeſti- 
al Phyſics explain'd above. | 

Tho' we undertake to oppoſe Kepler's Celeſtial 
Phyſics, yet we don't do it with ſuch a temper, 
as if we rank'd him, ( whoſe Fame will be Im- 
mortal) among the common Syſtem-makers or 
hunters after Phyſical Cauſes. For he was ſo far 
from this, that on the contrary, he is the only 
Man ( excepting perhaps ſome of the Ancients, 
as Pythagoras, &c.) who has treated of the Cele- 
ſtial Phyſics in a Mathematical manner. His 
Archetypical Ratios, Geometrical Concinnities , 
and Harmonic Proportions, ſhew ſuch a force of 
Genius as is not tobe found in any of the Writers 
of Phyſical Aſtronomy before him: So that 
Jeremiah Horox, a very competent Judge of theſe 
matters, tho* a little averſe to Kepler in the 

beginning of his Aſtronomical Studies, after havin 
in vain tried others, entirely falling in with Kepler's 
Doctrine and Phyſical Reaſons, thus addreſſes his 
Reader, Kepler is a Perſon whom I may juſtly 
admire above all Mortals beſide ; I may call him 
Great, Divine, or even ſomething more; 
ſince Kepler is to be valu'd above the whole Tribe of 
Philoſophers. Him alone let the Bards Sing of.. 
Him alone let the Philoſophers Read; being. ſati s- 
Hud of this, that hewhohas Kepler, has all Things. 
| L For 
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For what greater, or more, like ſomething Di- 
vine, could happen to a Mortal in this matter, 
than by theſe Harmonic Speculations, exactly to 
determine the proportion of the Orbits of the 
Planets ; than to be the firſt that ſhould find out 
the true way of a Planet about the Sun ( name- 
ly the Elliptic ; ) and laſtly, than to ſhew the 
true manner of a Planet's Motion in this way; 
wiz. that by a Radius drawn to the Centre of 
the Sun, placed in the Focus of the Ellipſe, it 
deſcribes Areas proportional to the Times? But 
there are ſome things which I can't approve of 
in Kepler's Mechanical cauſe of theſe Motions, 
and they are theſe following. „ 
1. If neither the Friendly nor the Oppoſite 
art of the Planet be turned to the Sun, or 
if the Planet (on the account of the weak» 
neſs of the Fibres, whereby it is librated upwards 
and downwards) be ſo diſpoſed, as neither to be 
attracted or repelled by the Sun, ( as it happens 
in Venus, according to Kepler's judgment ;,) then 
he would have it, that the Planet deſcribes a 
perfect Circle, by the Species of the Sun which 
is carried about; whereas *tis certain, that a Bo- 
dy which is not urged by a Force tending to a 
Centre, will not deſcribe a Circle, but a Right 
line. Since therefore the Orbits of Planets are 
Circular even in this caſe, *tis evident that they 
are impelled towards a Centre by ſome other 
Force, beſides that which ariſes from the obvert- 
ing the Friendly part. f 
2. During the Planet's aſcent from the Peri- 
helium to the Aphelium, that part which is Un- 
friendly is turned to the Sun, and conſequent- 
ly is repelled from the Sun, and in this caſe it is 
urged only by that Force, which is directed a- 
long the Line that connects the Sun and Pla- 


net. But *tis well known in Mechanics, that a 
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Planet acted upon by this Force alone, would 
be ſo far from deſcribing an Ellipſe, having the 
Sun for a Focus, that on the contrary, it would 
deſcribe a Curve convex towards the Sun. 
Wherefore 2 Planet, whoſe Orbit is an Ellipſe, 
having the Sun for a Focus, muſt neceſſarily 
be urged, even in its aſcent from the Sun, from 
the Perihelium to, the Aphelium, by a Foree 
tending to the Sun, ſince an Ellipſe is concave 
towards both Foci. Kepler therefore, muſt be ve- 
ry much out of the way, when he would have a 
Planet repelPd by the Sun, in its afcent to the 
Aphelium, or when he would have a Planet nei- 
ther attracted nor repelled, when it deſcribes a 
erfect Circle about the Sun concentric to it: 


For unleſs in both cafes it be attracted or other-- 


wiſe impelled towards the Sun, it will not de- 
{cribe 4 Curye concave towards it: For it can't 
be retain'd thus, without ſome kind of attraction. 

3. In his enquiry into the proportion of the 
Planetary Orbits, he aſſumes ſome things plain- 


Iy contraty to Obſervation, notwithſtanding 


their agreeing with his imagined Archetypical 
Ratios: As that the Magnitudes of the Plane- 
tary Bodies are as their Diſtances from the Sun; 
and that their Denſities are reciprocally as the 
Square Roots of their Magnitudes. From 
whence it follows, that the Quantity of Matter 
in the Planets is directly as the Square Root of 
their diſtances from the Sun: Becauſe the quan- 
tity of Matter is as the Magnitude and Denſity 
conjunctly. But every Body knows that Mars is 
teſs in bulk than Venus, which notwithſtanding 
ought to be as big again as Venus, according to 
Kepler's reaſoning ; becauſe diſtant as far again 
from the Sun. Obſervation informs us, that 
the Globe of ſupiter is bigger than Saturn, tho? 
it ought by the aforeſaid Rule to be as little a- 

2 "ho JS ; gain. 


105 The ELEMENTS Book I. 


gain. Notwithſtanding from the things that he 
knew, and firſt diſcovered, (namely, that the 
Path of a Planet is the Perimeter of an Ellipſe, 
one of whoſe Focus's is in the Centre of the Sun, 
which it ſo deſcribes, as that its Radius that car- 
ries it, {weeps Areas proportional to the Times,) 
vVithout the conſideration of the Magnitude and 
Denſity of the Planet, he might have deduced 
Geometrically that the Periodic Times of the 
Planets revolution about a common Centre, are 
in the ſeſquiplicate Ratio of their greater Axes, 
or mean diſtances from the Sun. But it is pro- 
bable that Kepler deduced the Proportion of the 
Planetary Orbits, and their Number, from the 


intervals neceſſary for the interpoſition of the 


five regular Bodies; and that he afterwards aſſign- 

ed to them ſuch Magnitudes and Denſities, as 

be could draw this ſame proportion from by ano- 
ther Method. 


4. Not to ſpeak of his Virtue, (which has too 


little of Mechaniſm, and too great an affinity 
with an Animal Power) which he gives to the 
Fibres of Libration and Latitude in the Planets; 
(to the latter, natural power of Agility, but to 
the former, in one part, an inclinat ion towards 
the whole Body of the Sun; and in the other, a 
flight from it;) and the, diviſion (ariſing from 
hence, ) of every Planet into a Shell, anda Kernel 
ſeparate from the Shell, and librated in its ca- 
vity, in a different Period, and in ſome another 
Nucleus within the former. N 5 

Not to mention, I ſay, theſe things, which 
have but little of Mechanics in them, and fo- 
reign to the Method which Nature uſes, Kep- 
ler's Syſtem about the manner of the Sun's car- 
rying round, attracting, or repelling the Pla- 


nets, is founded upon what is contrary to one of 


the chief Laws of Nature and Motion, whereby 
1 care 
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care is taken that there be a Re- action always 
contrary and equal to Action. For according to 
Kepler, in Epit. Book IV. This Virtue of Evpul- 
fron and Attraction is not in the Planets them- 
ſelves, but in the Sun only. Aud tho the attractive 
and repulſive Power of the Suu be extended to, and af 
fect the Planets, yet the like power of a Planet does 
not reach to the Sun and affect it. For were it ſo, 
he confeſſes, that the Sum would be moved by the 
Planets out of the place it has in the Centre of the 
World, in the reciprocal Ratio of their Bodies; or 
atleaſt it ought to titubate or reel as it were, being 
ſometimes attracted more this way, ſometimes more 
that way, according as more Planets happen to come 
together on the ſame ſide of the Sun, having ſimilar 
Powers. But this he entirely gets rid of, by deny- 
ing a mutual attraction. Kepler here had forgot 
the true Doctrine of Gravity, that he had laid 
down about 11 Years before, in his Introduction 
to his Commentaries upon Mars, built upon theſe 
Axioms : That Gravity is a mutual affection of union 
or conjunction in Bodies that are a-kintoone another. 
That two Bodies, if they are not hindered, willmeet 
in the intermediate Space, each having moved one 
towards the other a length reciprocally proportional 
to the magnitude of the other : So that if the Moon 
and Earth were not retain'd each in their Circuit, 
the Earth would aſcend towards the Moon the Fifty 
fourth part of the diſtance between them ; and the 
Moon would deſcend towards the Earth about Fifty 
three parts of the interval, and they would both meet 
there; ſuppoſing the ſubſtance of both to be of the ſame 
denfity. That the Moon draws up the Waters of the 
Terreſtrial Globe, from whence ariſes a flux, where 
the Channels of the Ocean are broadeft, and afford 
room for. a reciprocation. And if the Earth ſhould 
_ ceaſe to attract its own fluids towards it ſelf, the Ma- 
ter of the Sea would be raiſed and flow towards the 
4 Moon. 
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Moon. Nor did he fear himſelf, anſwering the 
difficulties above-mentioned, about the titubati= 
on of the Sun, and its removal out of the Cen- 
ter of the World; where he ſpeaks after the fol- 
lowing. manner: For rhe bulk, the deuſity of the 
Matter of the Body of the Sun, and the attrattive 
aud repulſive Virtue of. it are fo great; aud on the 
contrary, the ſmallueſs both of a Planet and its re. 
nitence, is ſuch, that the Sun is in no danger of be- 
ing removed out of its place. | 3 | 
From what has been deliver'd, 'tis evident, 
how near this great Philoſopher and Aſtronomer 
was, to the finding out the true Cæleſtial Phyſics, 
(who even in Epit. Aſtron. Book 5. § 1. had ſaid, 
As the Sun attracts a Planet, ſo the Earth attrafts 
Bodies; on the account of which attraction, the 
Bodies ave [aid tobe heavy,) and how much aſſiſt- 
ance he has given in this matter, and how rightly 
he Propheſied, when he ſaid, The true Cauſes, 
Quantities, aud Directions of the Motions of the 
 Apfides aud Nodes of the Planets, aud other matters 
of this kind, remain inthe Pandects of the following 
Age, not to be underſiood before the Divine Being, 
the aiſpoſer of Times aud Seaſons, bas open'd this 
Book to Mortals. | 
PrxovosITION LXXI. 
O explain briefly and ſummarily the Carteſian 
Celeſtial Phyſics, or the Cauſe and Reaſon, 
why the Planets are carried round the Sun, which - 
Renatus des Cartes invented. | | 
Such as have endeavoured to find out the 
Phyſical Cauſes of the Czleſtial Motions, have 
all of them ſought them in the Sun. For the 
Rotation of the Sun in his Space about an im- 
moveable Axis, the ſame way that all the Planets 
take and follow in, and that in a ſhorter Peri- 
od than that of Mercury, which is the neareſt ta 
him, and cvery other Planet in a greater period, 
| . 99 


Iz, = 
=, Rx 2 ©.» mY 8 
— — en nh 
1 — 8 | 
pg 
. 


—— 


ä —— 
— a 2 


— 
— 


. 


k | 
0 


f 0 
* 
. 
__ 1 
t 
1 4 
1 
* * 
1 
"= 
Ls | 
} 


Book I. of As TRONOMY, 151 


as it is farther from the Sun; and the Rotation 
of the Primary Planets about their proper Axes; 
and of the Secondary ones again about theſe 
Primary Planets, juſt as thoſe Primary ones re- 
volve about the Sun; all towards the ſame coaſt 
of the Heavens, and almoſt in the Plane, have 
the higheſt degree of probability. And theſe 
Phoœnomena do plainly beſpeak, either that all 
this motion of the Primary Planets ariſes from the 
Sun's motion, or at leaſt, that both of them de- 
pend upon one . common Cauſe. Hence it. 
came about, that ſeveral Philoſophers thought 
the Planets were carried by the Xther, whirl'd 
about the Sun by a Vortex or Whirl-pool; and 
that long before Cartes, or even Epicurus's Time. 
But Kepler, who was better acquainted with 
the motions of the Stars, ſaw well enough that 
they could not be carried about by any mates 
rial Vortices : For if the Planets re in 
the Matter of the Vortex, and as it were at reſt 
in it, were carried about together with the parts 
of the Vortex, he knew they would deſcribe 
perfect Circles, and have other periods in re- 

ard of their diſtances from the Centre, than 
we find by Obſervation agrees to them. He 
therefore rather choſe to ſubſtitute the immate- 
riated Species of the Sun's Body, inſtead of Mat- 
ter whirl'd about like a Vortex, yet calling it by 
the name of the Celeſtial Vortex and River. But 
afterwards Cartes, making light and taking no 
notice of theſe niceties and Aſtronomical 
Obſervations, and being reſolved to frame a 


World, brought in Vortices again; together 


with a popular way of repreſenting the moti- 
ons of the Stars. And tho' Vortices were intro- 
duced into the Heavens by others before Cartes, 
and have been made uſe of by others ſince him, 
and preſſed into other ſervice, yet they retain 
"T4 Cartes's 
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Cartes's Name. We ſhall therefore briefly de- 
ſcribe this Syſtem, ſo far as ſerves our purpoſe, 


in Cartes's Words, out of the Third Part of his 


Principles of Philoſophy. | 

Cartes ſuppoſes then, 'That all the Matter of 
which the viſible World is made, was, in the 
beginning of 'Things, divided by God into Par- 
ticles very nearly equal, of a moderate ſize, and 
equally moved, not only each about its proper 
Centre, and ſeparately from one another, ſo as 
to compoſe a Fluid ; but ſeveral alſo about ſome 
other points, in like manner remote from one a- 
nother, and ſo they compoſed various Vortices. 
Afterwards he reſolves theſe equal Particles, 
worn a little by their inteſtine motion, into 
Globules of different Sizes, all which he calls 


Particles of the ſecond Element, and a Fluid 


form'd out of the irregular minute parts rubbed 
off from the corners of the Globules,and moved al- 
ways with a very great rapidity, he calls the 
Matter of the firſt Element. Now,there being more 
of this ſort of Matter than was neceſſary to fill up 
the interſtices of the Globules, what remained was 
thruſt down towards the Centre by theſe Globules 
receding from their Centre, by reaſon of their 


Circular motion, and being there collected into a 
Spherical Body conſtitutes the Body of ſome Sun 


In the Centre of each Vortex. Beſides the equal 
Motion impreſſed originally upon theſe Parti- 
cles,about the Centre of the Vortex, the Sun, juſt 
form'd in the centre of the Vortex, and revolving 
about its own Axis the ſame way with the reſt of 
the Matter of the Vortex, and always emitting 
ſome of it ſelf along the narrow paſſages that are 
within the Globules of the ſecond Element to- 
wards the Ecliptic, or Circle lying juſt in the mid- 
dle between the Poles, (receiving as much at its 
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Poles from the neighbouring Vortices, as it e- 


| mits,) has a power of carrying thoſe Globules 


along with it ; thoſe nearer, quicker, but thoſe 
farther off, ſlower. But fince the lower Glo- 
bules of Ccaleſtial Matter move quicker than 
the upper ones, they ought alſo to be leſs. 
For if they were greater or equal, they would' + 
upon that account have more Forces, and there- 


fore would become uppermoſt by their centri- 


fugal Force. And all theſe Particulars will be 
the ſame in any Vortex whatever, within cer- 
tain Limits, beyond which the upper Globules 
are moved quicker than the lower, being as to 
their Sizes equal. Theſe Limits in the Solar 
Vortex he places about the Orb of Saturn, or 
a little beyond. _ 4 2 
Theſe Things being ſuppoſed, if any Star, 
which being placed in the center of its Vortex, 
and doing the office of a Sun, ſhould happen to 


be covered with Spots, and by that means weak 
ened ſo as to be overcome and carried along by 


the neighbouring Vortex of the Sun; if this 
Star be but capable of a leſs degree of agitation, 
or have leſs ſolidity than the Globules of the 
ſecond Element that are near the circumference 
of our Vortex, yet ſomething more than ſome 
of thoſe which are nearer the Sun; we are to 
underſtand that this Star, fo ſoon as tis arrived 
into the Vortex of the Sun, ought to deſcend 
continually towards its Center, till it arrives to 
ſuch Ccleſtial Globules as it is equal to in ſoli- 
dity or aptitude to perſevere in its Motion a- 
long Right Lines. And when it has at laſt got 
thither, it will neither approach nearer to the 
Sun, nor yet farther off from it, unleſs it be 
— propelled from thence, by ſome o- 
ther Cauſes afterwards to be related: But being 
in equilibrio with thoſe Caleſtial Globules, will 

revolve 
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revolve about the Sun with them, and become 


a Planet. Every one of them therefore is at reſt, 
in that part of the Heaven where it is; and all 
the variation of ſituation obſerved in them, only 
ariſes from the motion of the matter of the Hea- 
vens or Vortex that contains them. According to 
this Syſtem then, nothing hinders us from ima- 
gining the Space, in which at preſent the ſingle 
Vortex of the Sun is contained, to be at firſt di- 
vided into ſeventeen or more Vortices; and that 
they were ſo diſpoſed, that the Stars, which 


they had in their Centers, were by little and 


little at length covered with ſeveral Spots, and 
then theſe deſtroy'd by other Vortices, the 
one quicker, the other ſlower, according to 
their different ſituation. So that ſince theſe 
Four, in whoſe Centers were the Sun, the Earth, 
Jupiter, and Saturn, were bigger than the reſt, 


the Stars which were in the Centers of the five 


leſſer that ſtood about Saturn, deſcended to- 
wards Saturn ; and thoſe in the Centers of four 
others about Jupiter, towards Jupiter ; in like 


manner the Moon near the Earth, towards the 


Earth : Afterwards Mercury, Venus, the Earth, 
with the Moon, and Mars, (cach of which Stars 
alſo formerly, had a Yortex,) towards the Sun; 
and at length Jupiter and Saturn, together with 
the leſſer Stars about them, ſunk together towards 


the Sun, much greater than themſelves, after 


their own Vortices were deſtroyed : But the 
Stars of the other Vortices, if they were ever 
more than ſeventeen in this Space, paſs'd a- 
. way into Comets, moving almoſt in a Right 
Line out of one Vortex into another, and 
never returning. So that now, ſince we ſee the 
Primary Planets carried at different diſtances 
from the Sun, we are to judge, that this hap- 
pened, becauſe the folidity of ſuch of them as 
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are nearer the Sun, is leſs than that of thoſe that 


are farther off: And that from hence it came to 
paſs, that the ſame part of the Moon is turned 


towards the Earth, or at leaſt does not deflect 
much from it, becauſe its other Part, which is 
turned from the Earth, is ſomething more ſolid, 
therefore in moving round the Earth ought to 
deſcribe a greater compaſs. And ſince we ſee. 
the inferior of 'thoſe , higher Planets to move 
round quicker, we ſtill judge it to ariſe from. 
hence, that the Matter of the firſt Element, 
which compoſes the Sun, by whirling round very 
zpidly, carries along with it the nearer Parts of 


the Heaven, and the Planets ſwimming in them, 
{ which are there relatively at reſt, better than the 


more remote. Jupiter, the Earth, Wc. revolve. 
about their own Axes, becauſe they were formers 


ly lucid Stars placed in the Centers of ſome Vor- 


tices, and no doubt revolving there like our Sun, 
and even now the Matter of the firſt Element. 
collated in the Centers of them, ſtill retains the. 
ſame Motion and impels them, 

Laſtly, we are not to ſuppoſe that all the Cen- 
ters of the Planets are always accurately in the 
ſame Plane, nor the Circles they deſcribe per- 
fect and compleat : But, as we ſee. it happens in 
all other natural Things, only nearly fo, and'in 
time perpetually changing. For fince all the Bo- 
dies that are in the Univerſe, are contiguous, and. 
act upon one another, the motion of each de- 
pends upon the motion of all the reſt, and is 
therefore varied innumerable Ways. On which 
account we find, that tho' all the Planets affect a 
Circular Motion, yet none of them ever deſcribe 
Circles, but always err ſomething from; them, 
both in Length and Breadth. ; . 


PRO 
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PROPOSITION LXXII. Lemna. 
F two Bodies revolve about the ſame Axis, at 
the ſame diſtance from the Axis, and two other 
Bodies likewiſe at any other diſtance ; I ſay, the 
Ratio of the difference of the Angular Motion of the 
former Bodies, to the difference of the Angular Mo- 
tiou of the latter, is compounded of the Ratio of 
the Tranſlation of the former Bodies from one 
another, to the Tranſlation of the latter Bodies 
from one another, and of the Ratio of the diſtance 
of the latter from the Axis, to the diſtance of the 
former from the ſame. 
Angular Motion is that by which the Angle is 


formed at the Axis about which a Motion is per- 


form'd : And ſo Bodies are ſaid to have the ſame 
or equal Angular Motions, which being placed 
at any unequal diſtance from the Axis, make 
equal Angles at the Axis, in the ſame or equal 
Times: And the difference of the Angular Mo- 
tions, is the difference of the Angles formed at 
the Axis in the ſame Time by the Bodies. 

At the ſame diſtance from & | Fig. 59. | the 
Axis of Motion, let there be two contiguous 


Bodies A and B; and two others C and D. Let 


them afterwards be moved any how, and ſepa- 


parated from one another; namely, A to a, 


and in the ſame time B to 2, C to , and D to 9. 
*Tis evident (from Prop. 33. Elem. 6.) that the 
difference of the Angular Motions of the two 
Bodies A and B, (viz. the Angle a Cg) is to the 
difference of the Angular Motion of the two o- 
thers C and D (that is, the Angle 97) as the 
Tranſlation of the two former from one another, 
Cor the way whereby the one is transferred from 
the other, namely « f,) to 45, the Tranſla- 
tion of the two latter ; that is, if the Diſtances 
are equal, the Tranſlations are as the Differences 
of the Angular Motions. Again, if at any un- 
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ual diſtances from the Axis &, the two conti- 

uous Bodies A and B, and the two others E 
and F, be ſo moved into the Places « &, and e, 9, 
that the differences of the Angular Motions (v7z. 
the Angles a S, « $9) be equal; then (by Prop. 
25. El. 6.) the Tranſlations « 2, , will be as 
the diſtances SA, SE. And therefore (by Prop. 
23. Elem. 6.) if neither the Diſtances from the 
Axis, nor the Differences of Angular Motion 
be equal, the Ratio of the Tranſlations will be 
compounded: of the Ratio of the Differences of 
the Angular Motions, and of the Ratio of the 
Diſtances from the Axis : And therefore (taking 
away from both ſides the Ratio of the Diſtances 
from the Axis, and the Ratio of the Differences of 
the Angular Motion is compounded of the di- 
rect Ratio of the Tranſlations of the Bodies from 
one another, and the reciprocal Ratio of the Di- 
ſtances from the Axis of Motion. Q. E. D. 


PRO POS! 148 N LXXIII. LEMNMA. 


F the Curve DCE (Fig. 60.) be ſo related to- 

wards the Right Line A E, produced infuitely 
towards E, that a Perpendicular CB, let fall from 
any point of the Curve to A E, is reciprocally as 
the Cube of the Right line A B, intercepted between 
B and A, a point given in the Right line E A, the 
infinite ſpace BC E E, contain d between the Right 
lines C B, BE, and the C#ve CE, will be reci- 
procally as the Square of the Right line A B. 


Call 4 B,x; BC, y: and becaule y is as S) 


| : | 
then will y=—> drawn into ſome conſtant 


or invariable Quantity; which let be 27, that the 


Law of Homogenity may. be obſerved : that is, 
þ | 


A . 
let y ory =a*x=*. And therefore, the 
ſum 
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| | Sum of all the y's (or the Flowing Quantity whoſe the 


Fluxion is 9, or its Value a* x7*) will be qui 
-A : That is (as is known to Geometers) Su 
the Area that lies on one fide of the Line BC, one 


| 4 
vis. the Area BCE E,; is equal to - 5 
And, becauſe 2 a+ is a given quantity, the 
Area BCEE will be as 2 j that is, recipro- 
cally as the Square of the Right line 4 B. or 
the Area BCE E is to the Area he EE, as AU 
to AB. & E. D. 5 
PRO POSITION LXXIV. LE MMA. 
F two contiguous Bodies ſlide one upon the other, 
and the {ame be done in two other Bodies, preſſed 
by the [ame Force towards one another as the former; 
T ſay the impreſſion made by the friction of the for- 
mer Bodies upon one another, is to the like impreſ- 
fron of the latter, in a Ratio conipounded of the 
Ratio of the Tranſlation of the former to the tran- 
{lation of the. latter, and of the Ratio of the Cu- 
perfictes, wherein the former touch one another, to 
the Superficies wherein the latter touch one ano- 
ther, viz. wherein the impreſſions are made. 
I the © contiguous Surfaces were perfectly 
imooth, there would be no impreſſion of the Bo- 


dies upon one another, while they ſlide. *Tis evi- ble 
dent that this ſuppoſition is very natural, vi. that on 
the reſiſtance ariſing from the defect of ſmooth- the 
neſs in the Parts, is (other Things being alike) D 
proportional to the Velocity whereby the Parts ſux 
are ſeparated from one another; that is, if the pa 
contiguous Surfaces are equal, that the reſiſtance CO! 
and the impreſſion of the Bodies upon one ano- cec 
ther ariſing from thence, is proportional to the an 
relative Velocity, or to what is in a given Time wh 
proportional to the 'Tranſlation of the Bodies. the 
But if the Tranſlations (or Velocities wherewith on 
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the parts are ſeparated from one another) are e- 
qual, the Reſiſtances or Impreſſions, are as the 
Superficies wherein the Bodies two by two touch 
one another. | Ws 

And therefore, ſince neither the Superficies, 


nor Tranſlations are equal; tho' all the reſt are, 


(as the Force preſſing the Bodies towards one a- 
nother, the want of Smoothneſs, Ec.) the Impreſ- 
fions which the Bodies two by two make upon one 
another, are in a Ratio compounded of the Ratio 
of the contiguous Surfaces, and of the Ratio of 
the tranſlations from one another. & E. D. 


PRO POSITION LXXV. | 
I F a ſolid Sphere revolves with an uniform motion 
in an uniform and infinite Fluid, about au Axis 
given in poſition, with, and by the fole impulſe of it 


| a Fluid be moved circularly, and each part of this Hu- 


id per/everes uniformly in its motion; I ſay, the Pe- 
riodic Times of the parts of the Fluid, are as the 
Squares of the Diftances from the Centre of the 
Sphere. | h 
Let AE H Fig. 61.] repreſent a Sphere revol- 
ving uniformly about the Axis FS. Let the infi- 
nite Fluid of the Sphere ſpreading about every 
way, be conceived to be divided into innumera- 
ble concentric Orbs of the ſame thickneſs, ev 
one of which conſidered alone being Solid ; let 
theſe be expreſſed by the Circles BF XK, CG L, 
D MN, &c. Becauſe the Fluid thus divided is 
ſuppoſed to be homogeneous ; ( that is, all its 


parts equally compreſs'd ;) the impreſſions of the 


contiguous Orbs upon one another (by the pre- 
ced. Lemma) are as their tranſlations from one 
another, and the contiguous Superficies in 
which the impreſſions are made conjunctly. If 
the impreſſion upon any Orb be greater or leſs 
on the Concave part, than on the Convex part 
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the ſtronger Impreſſion will prevail, and either 
accelerate or retard the velocity of the Orb, ac- 
cording as it is directed towards the ſame way 
with its Motion, or a contrary way. Wherefore, 
fince (by ſuppoſition) the Fluid perſeveres uniform- 
ly in its motion, the Impreſſions made on both 


parts of each Orb towards contrary ways, are 


equal; and therefore the Ratio which is equal 
to the Ratio of the Impreſſions, (namely the Ratio 
compounded of the Ratio's of the tranſlations and 


contiguous Surfaces) is alſo a Ratio of Equality. 


Conſequently the Tranſlations are reciprocally 
as the contiguous Superficies ; that is, recipro- 
cally as the Squares of the diſtances from the 


Centre: But (by Prop. 12.) the differences of 


the Angular Motions are as the Tranſlations di- 
rectly, and the diſtances from the Centre of 
Motion reciprocally : And therefore. the ſaid 
differences of the Angular Motions of theſe con- 
centric Orbs, are reciprocally as the Squares of 
the diſtances from the Centre, and reciprocally 
as the diſtances from the Centre ; that is, reci- 
procally as the Cubes of the diſtances from the 
Centre conjunctly. If, therefore, upon all the 
points of the Right line $Z drawn from the 


Centre, where the contiguous Superficies of the 


concentric Orbs cut that Line (namely, 4, B, C, 
D, Oc.) perpendiculars to & be erected, as Aa 
Bb, Cc, D d, Oc. reciprocally proportional to the 
Cubes of SA, SB, SC, SD, &. theſe Ordi- 
nates will be reſpectively as the ſaid differences 
of the Angular Motions of the reſpective con- 
centric Orbs, and the ſum of theſe Ordinates 


as the ſum of the ſaid differences; that is, ( ſince - 


the outmoſt or infinitely diſtant Orb is not 
moved at all,) as the whole Angular Motions. 
If now the thickneſs of thoſe Orbs be leſſen'd 
in infiuitun (by which means the Medium _ 
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round about becomes ſo far uniformly fluid, ) the 
sums of the toreſaid Ordinates will become the 
Areas AZ a, BZb, CZc, D Za, &c. and 
ſo the entire Angular Motions of the Orbs BF 
HK, CCL, DM N, Ec. are as the Areas B Z, 
CZc, DZ d, Ec. reſpectively. But in the Fi- 


| gure AZa, the Ordinates Bb, Cc, D d, Ec. 
are reciprocally as the Cubes of the Right lines 


SB, SC, SD, Ec. from whence (by Prop. 93.) 
the Areas BZ b, CZc, DZ ad, &Esc. are reci- 
procally as the Squares of the Right lines SB, 
SC, SD, Sc. And therefore the Angular mo- 
tions of the Orbs, B FK, CGI, D MN, Oc. 


| are reciprocally as the Squares of their Semidi- 


ameters & B, s C, SD, &c. But the Periodic 
Times are reciprocally proportional to the An- 
gular motions : Therefore the Periodic Times 


| of the Orbs BF K, C GL, D MN, Sc. are in 


the direct Ratio ( becauſe the reciprocal of the 
inverſe of the Squares of the diſtances from their 
Centre &; namely, of the Right lines SB, SC, 
SD, Ec. And therefore the Propoſition is evi- 
dent, if the circumfuſed medium of the Sphere 
be ſuppoſed to conſiſt of innumerable thin con- 
centric ſolid Orbs. But if there be ſuppoſed to 
be drawn a vaſt number of infinite Right lines 
making Angles with the Axis mutually exceed- 


ing one another by equal exceſſes, and theſe 


Right lines being revolved about the Axis, and de- 
ſcribing Conic Superficies, Orbs be imagined 
to be cut into innumerable Rings ; each of theſe 
Rings will have four others contiguous to it, 
one internal, another external, and two lateral 
ones cut out of the fame Orb. By reaſon 


of the attrition of the interior and exterior 


ones, the intermediate one can't be moved any 
otherwiſe than formerly, before the Orbs were 


cut: otherwiſe the parts of the fluid would not 


M per- 
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perſevere in their motion uniformly but the mid- 
dle one would be accelerated and retarded in its 


motion, (as was ſhewn before in the entire Orbs,) 


which is contrary to the ſuppoſition. And there- 

fore any row of Rings going on directly fro m 
the ſolid central Sphere in inſinitum, and com- 
prehended between the two next ConicSuperficies, 
will be moved after the fame manner as theſe 
were moved before the diviſion of the Orbs into 
Rings ; bating what hindrance the Ring in-this 
row meets with from the attrition of the Rings 

| laterally. But here the attrition is nothing at all, 
becauſe all the Rings equally diſtant from the mid- 
dle ſolid Sphere, ( that is, cut off from the ſame 
Orb) revolve in the ſame Time: For if it were 
not ſo, but thoſe which are towards the Poles, 
did finiſh their revolution quicker or ſlower than 
thoſe which are towards the Circle that lies in 
the middle between the Poles; the ſlower, by 
reaſon of the mutual attrition, would be quick- 
ened in their motion, and the quicker would be 
retarded, which is contrary to the ſuppoſition, 
which-was, that the Fluid perſevered in its motion 
uniformly. Since therefore the Periodic Time 
of all the Rings, at the ſame diſtance from the 
Centre, is the ſame, they will revolve after the 
fame manner as they would do, were they not 
as yet cut off from the ſolid Orb; that is, with- 
out any attrition: And therefore the ſame Law 
holds in this caſe alſo of Orbs cut into Rings, 
as did hold before any diviſion into Orbs; that is, 
the Periodic 'Times of each of the Rings will be 
as the Squares of their diſtances from the Cen- 
tre of the middle ſolid Sphere. 

Now let each Ring be divided by tranſverſe Se- 
ctions, into innumerable Particles conſtituting a 
Fluid abſolutely and uniformly ſuch: And be- 
eauſe theſe Sections have no reference to the 
— 1 | Law 
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Law of Circular Motion, but conduce only to 
the conſtitution of a Fluid ; the circular Motion 
will perſevere as before. By thele diviſions all 
the infinitely ſmall rings will either not change 
the Aſperity and Force of mutual Attrition at 
all, or will change them equally: and the pro- 
portion of the Cauſes continuing the ſame, the 
proportion. of the Effects will likewiſe remain the 
ſame ; that is, the proportion of the Motions and 
Periodic Times as before. And therefore the Pe- 
riodic Times of each of the parts, in the above- 
deſcrib'd Vortex, will be as the Squares of the 
Diſtances from the Centre of the Vortex. Q E. D. 

_ RGE 5 

If the reſiſtance of the Parts of the Vortex be 
greater in a greater diſtance from the Centre than 
in a leſs, either on account of the greater thick- 
neſs or leſs fluidity of the Particles which compoſe 
the Fluid, or on account of any other Cauſe; 
then the more remote parts of a Vortex will move 
ſlower than in the Ratio ſettled above in the 
Propoſition : that is, the Periodic Time of the 
parts of the Vortex more remote from the Centre 
will be to the Periodic Time of the Parts nearer 
the Centre, in a greater than in the duplicate 
Ratio of the Diſtances of theſe Particles from 
the Centre. | | 

COROLEMRE 2: 

If the Vortex be not extended in infinitum, 
but the Fluid moved after the manner of a Vor- 
tex, be contained in a rough Veſlel held by force, 
of a different Figure from a ſpherical one con- 
centric to the central Globe ; the Particles of 
the Vortex will be moved, not in Peripheries of 
Circles concentric with the central Globe, but in 
Lines almoſt conformable tothe Figure of the 
Veſſel ; and the Periodic Times will be as the 


Squares of the Mean Diſtances from the Centre 


very nearly. M 2 'P Ro- 


— 
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| Bo 
PROPBOSITION LXXVI. Cen 
＋ O point out and briefly refute, the Errors tran 
committed in the above-deſcribed Carteſian renc 
Phyſics. nity 
I. Since, from the preceding Prop. tis evident, the 
that every Vortex made by a ſolid Sphere, re- there 
volved uniformly about an Axis given by Poſi- whic 
tion, will be propagated in inſtuitum, if not tex) 
bindred; if the World was made up of ſuch Mot 
kind of Vortices, (as it is according to Cartes's tex. 
Syſtem, ) there would be as many Vortices going ſuch 
forwards in infinitum, as there are Fix'd Stars, move 
every one of which, (according to Cartes) like Carte 
our Sun, makes a Vortex. Nor would theſe Pbil. 
Vortices be bounded by certain limits, but “ th 
creep on, and by little ang little run into one accouy 
another. And, by this means, each part of the i **7” 
infinite Fluid making up the Univerſe, would of ſuc 
be agitated by that Motion which reſults from of th 
the actions of all the Central Spheres or Suns. Should 
But how foreign this uncertainty is, from that Pte 
certain Order, Situation , and Motion of the of Th 
Fixed Stars, which are firmly connected by a the pet 
very ſimple Calculus, let ſuch as are acquainted of a 
with Aſtronomy judge. „ For 
2. Further, becauſe the parts of the Vortex, central 
generated in the manner above-deſcribed, that Vortic 
are nearer the Centre, being (by the preced. Prop.) the ext 
moved quicker, urge the exterior, and con- neceſſa 
ſtantly communicate Motion to them by that wat 3 
action; and theſe exterior Particles transfer at of Des 
the ſame time the ſame quantity of Motion into aturall 
others that are ſtill more exterior; becauſe ( by 3. D 
Hypotheſis ) it is a condition of the Vortex, that hat the 
each part of the Fluid perſevere in its motion and ret 
uniformly, and is not incited, ſometimes more, 4 Pant 
7 mo 


ſometimes leſs, in the ſame diſtance from the 
| Centre: 


ia 
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Centre: *tis evident that Motion is perpetually” 


dba transferred from the Centre to the Circumfe- 


lh rence of the Vortex, and abſorbed by the infi- 
eſtan : : : _—_ 

nity of the Circumference. And therefore to 

gene the conſervation of a Vortex in the ſame ſtate, 

r there is required ſome active Principle, from 

Poſi- which the Central Sphere (or Sun of that Vor- 

9 tex) may always receive the ſame quantity of 


Motion, as it impreſſes on the matter of the Vor- 
tex. But from whence the Carteſians can get 
ſuch an active Principle reſiding in each Sun that 
moves the hole Vortex, I cannot ſee; ſince 
Cartes himſelf, in Parag. 146. Part. 3. Princ. 
Phil. boldly ſays, There is nothing to be met with 
in the Phanomena of the Planets, that cau't be 


ſuch 
rtes's 
going 
Stars, 
) like 
theſe 


5 = accounted for from what has been already ſaid. The 

of the penetrating Kepler ſaw well enough the neceſſity 

was of ſuch an active Principle in the central Spheres \ 
of the Vortices : Aud therefore leſt the Motion 


s from 
r Suns. 
n that 


ſhould languiſh by degrees, which Creating Om- 
nipotence impreſſed upon them in the beginning 
of Things, he would have it maintained either by 


ph the perpetual care of the Creator, or by the alſiſtance 
inte of a Spirit deſtin'd to that employment. 

ga For without ſuch an active Principle, the 
7ortex, Meentral Spheres and the interior parts of the 
1. that Vortices, always propagat ing their Motion into 
Pro p) the exterior, ajid receiving no new Motion, muſt 
i con- Neceſſarily move flower by degrees, and ceaſe to 


move circularly. And conſequently this World 
pf Des Cartes, without ſuch an active Principle 
naturally tends towards reſt and its diſſolution. 

3. Des Cartes and his followers acknowledges © 
hat the Bodies which are carried in this Vortex 
and return again, are of the ſame denſity with 
he parts of the Vortex where they are placed, 
and move by the ſame Law with them, as to 
1 Velocity 


y that 
isfer at 
on into 
uſe (by 
ex, that 
motion 
S more, 
rom the 
Centre: 
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Velocity and determination of courſe: the different 8 
Fluid, and that Body that is carried by it, differ p 
only in this, that the parts of the Bodies thus ſt 
carried by the Vortex, keep the ſame ſituation v 
in regard of one another; and that they are as it * 
were congealed and ſolid parts of the Vortex, Mos 
and can't be mingled together by an inteſtine . 
Motion, as the fluid parts of it are; being, in Pe 
other reſpects, entirely equal. Since therefore ke” 
the parts of the Vortex (by the preced. Prop.) th; 
revolve by this Law, that their Periodic Times wi 
are in the duplicate Ratio of their diſtances from th: 
the Centre, the Planets alſo carried about the _ 
Sun, and at relative reſt in the fluid Matter of the 
the Vortex, in which they ſwim, will revolve by Ve 
the ſame Law. Since therefore the Earth, for : 
inſtance, compleats its Period in a Year, the tis 
Period of Saturn, whoſe diſtance is 93 times the par 
diſtance of the Earth, would be 90 Vears, when Cir 
it is not quite 30 Years: After the like manner 5 
the Period of Saturn would be 27 Years, where Ve 
as it is not 12: And all the ſuperior Planets would 
have Periods greater than the truth; and the EY 
inferior leſs. If the Patrons of Vortices anſwe the 
that the Vortices are not uniformly fluid, (as wa by i 
ſuppoſed in the preceding Propofition,) but thi ther 
parts conſtituting. them in the receſs from th! Plat 
Center are groſſer, as Cartes ſays in Parag. 8: the 
Part z; then (by Coro). 1. Prop. preced.) the mor: win 
remote Planets from the Sun are ſtill lower, Where the 
as they are too flow already, (according to thi teſti 
Syſtem ;) and it is evident from this conſtitutid 1 
of the Vortices, according to Cartes, that the! Aga 
will be a greater diſtance from Obſervat ion, than Prop 
the Vortices were made up of an uniform fluit G 
Since therefore it has been demonſtrated, thi aloe 
the parts of the Vortex revolve by a very dif whic 
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1 67 
rent Law from that which is obſerved in the 
Planets; namely, that the Periodic Times of the 
parts of the Vortex are as the Squares of the di- 
ſtance from the Centre, if the matter of the 
Vortex be homogeneal; or as ſome higher Power 
of the Diſtances, if the matter of the Vortices 
be groſſer at a greater diſtance; whereas in the 
mean while (by Prop. 22.) the Squares of the 
Periodic Times of the Planets are as the Cubes of 
the Diſtances; (that is, the Periodic Times of 
the Planets are as thoſe Powers of the Diſtances, 
whoſe Exponents are 3, which are much lower 
than thoſe whoſe Exponents are 2, or a number 
greater than two ;) *tis evident therefore, that 
the Planets are not carried by any ſuch corporeal 
Vortices. | 2 }- 

4. If the Vortex were extended in infinitum, 
tis evident (from the preced. Prop.) that each 
part of the Fluid ought to deſcribe a perfect 
Circle, and (by Corol. 2.) that the aberration 
from a circular Path proceeded from the rough 
Veſſel (or what is equivalent to it,) in which 
the Matter of the Vortex is contain'd. From 
whence it evidently follows, that the greater 


the Vortex. in reſpe& of the Path deſcribed 


by its fluid part is; (or by the Planet carried toge- 
ther with it, ) the more ought the Path of the 
Planet to come up to a perfect Circle; that is, 
the excentricity of a Planet nearer to the Sun 
will be leſs than that of one more diſtant from 
the Sun ; whereas Aſtronomical Obſervations 
teſtify and aſſure us, that the Orbit of Mercury 
is much more excentric than that of Saturn. 
Again, becauſe (by Corol. 2. of the preceding 
Prop.) the Particles of the Vortex, and the Planets 
carried along with them, will be moved in lines 


almoſt conformed to the figure of the Veſſel in 


which the fluid is contain'd, the Aphelia of all 
M 4 the 
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the Planets viewed from the Sun will be ſituate 
towards the ſame Fixed Stars; whereas the A- 
phelia of the Planets are at a great diſtance from 
one another, as Jupiter's and the Earth's, by a 
quarter of a Circle; Mars's and the Earth's, by 
a third part of a Circle ; and thoſe of Mars and 
Venns are almoſt oppoſite. Beſides, the matter 
of the Vortex (like a River) being within nar- 
rower Bounds, (by the Laws of Mechanics) 

_ ought to move quicker than when it moves freely 
in a broader Channel ; and that in the reciprocal 
Ratio of the Breadths of the Channels, or what 
is equivalent to them : But in the beginning of 
M, the diſtance between the Orbs of Mars and 
Venus is to their diſtance in the oppoſite Point, 
(namely in the beginning of XK) almoſt as 3-toz ; 
and therefore the intermediate fluid of the Vor- 
tex, that carries the Earth along with it, will be 

carried ſwifter in the ſame Ratio in the begining 
of X than inthe beginning of M; becauſe con- 
tain'd within narrower Limits; (for the Paths of 
the Fluid, which carries Mars and Venus, ſerve 
inſtead of Boundaries or a Channel ;) that is, the 
Earth ſeen from the Sun in the beginning of *, 
will be carried half as ſwift again as when it is 
ſeen from the Sun in the beginning of M, or the 
Sun ſeen from the Earth in the beginning of M, 
will ſeem to move half as ſwift again among the 
Fix'd Stars, as in the beginning of : But juſt 
the contrary happens by the Obſervations of all 

Aſtronomers: and the Sun ſeen in the beginning 
of M from the Earth, ſeems to move in its diur- 
nal Motion only 58 Minutes ; whereas in the 

beginning of X it ſeems to move a whole Degree 
in the ſame time. 

5. A Body carried by a Vortex, and of the 
fame Nenſity with the Parts of the Vortex in 
n which 
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which it is, if it be not otherwiſe hindered, does 
deſcribe a Circle in its Revolution if it be not 
otherwiſe Hindred ; to whole Plane the Axis of 
the central Sphere, whereby the Fluid is turn'd 
about in the Form of a Vortex, is perpendicular ; 
and if the Path of the Body be inclined to this 
Plane, that Inclination will be continually leſſen'd, 
and they at laſt will coincide. For it is evident 
from the demonſtration of the preced. Prop. that 
each Part of the Fluid compoſing the Vortex, de- 


ſcribes ſuch a Circle; wheretore even the Planet, 


which is carried only by theſe Particles being re- 
latively at reſt between them, will alſo deſcribe 


a Circle; and if by any external Force impreſſed 


it varies a little from hence, the inelination 
will be leſſened by degrees by the encounter of 
the Particles of the Fluid deſcribing the above- 
mentioned Circles, and the Planet it ſelf will 
deſcribe ſuch a, Circle, being thus at laſt - rela- 


_ tively at reſt in the fluid of the Vortex, and car- 


ried about together wikh it. But there 1s not 
one Planet to be found having the Axis of the 
Sun perpendicular to the Plane of the Orbit; 
nor during theſe two thouſand Years, wherein 
Obſervations have been made, has the Inclina- 
tion of the Orbit of any Planet to that Plane 
been found leſſened ; nor are there any fibres of 
Latitude aſſigned by theſe Philoſophers in the 
Planets, for the preſerving the ſame Inclination. 
But the Apology that Cartes brings for the va- 
rious excentricity of the Planets, and the vari- 
ous inclination of the Orbits to one another, 
and the various ſituation of the Aphelias, which 


(in Parag. 34. Part 3. Princip. is this : But as 


we ſee it happens in all other natural things, that 
tbey are ouly nearly ſo, and in ſucceeding Ages are 
continually changed,) ſhews plainly that he was un- 
acquainted with the Calculatory Part of Aſtro- 

nomy. 
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nomy. For tho? it can't be denied that Phyſical 
Cauſes have a Place in the Motion of the Stars, 


yet no Perſon uſed to theſe: Matters will judge 


that ſuch caſual and almoſt irregular inequalities, 
(ſuch as Cartes ſeems to inſinuate,) are to be ad- 
mitted in the Motions of the Stars; but will ra- 
ther ſay, with the moſt acute Fer. Horrox, who 
was beſt fitted for Aſtronomical Obſervations, and 


who labour'd to defend the contrary Opinion, 


We may juſtly wonder at ſome Slingers or Engi- 
ners, that can throw Bodies out of Slings or Cau- 
nons with ſuch incredible certainty of aim. But if 
wwe 'ſee ſo great exatineſs in thoſe momentaneous 
Things, that are moved thro* the thick unſettled 
Air; ſhall we not expett a much greater in thoſe 
perpetual Bodies as are revolved in a quiet and pure 
Ather by an eternal Law? 
6. Since the Globules compoſing the fluid of 
the Solar Vortex are leſſer near the Sun, and 
conſequently their Maſs, contained in a given 
Space and filling it, leſs denſe than in a greater 
diſtance from the Sun ; it follows, that even the 
Planets which are of the ſame denſity with the 
Particles of the Vortex in which they ſwim, 
are leſs ſolid the nearer they are to the Sun; 
which Cartes alſo acknowledges in Parag. 147. 
Part. 3. of his Princip. But the contrary to this 
wie ſhall demonſtrate in its proper Place here- 
after; namely that each Planet, the nearer it is 
to the Sun, the ſolider or more denſe it is; that 
1s, it contains more Matter under an equal bulk. 
Which alſo agrees much better with the Archi- 
typical Ratio's, Geometrical Concinnities, and 
Final Cauſes : From the conſideration of which, 
tis evident, that the Divine Being has placed 
the Planets at different diſtances from the Sun, 
fo that each, according to its degree of Denſity, 
may enjoy a greater or leſs degree of Heat ; and 
1 conſe- 
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conſequently the more denſe Planet is nearer the 


Sun, fince all more denſe ſort of Matter requires 


a greater heat for the performance of natural 
Operations. And tho? the Ratio of the denſity 
of the Planet be not the ſame with what Kepler 


makes it, namely the reciprocal Ratio of the 


Roots of the diſtances from the Sun drawn into 
the Roots of the apparent diſtances : Yet here 
(where he was moſt of all miſtaken,) Kepler came 
at this general Propoſition, by his Architypical 


| Ratio's, vz. that the denſer Planets are nearer 
the Sun; whereas Cartes, who ſince him, from a 
Neglect, (or rather Contempt) of Architypical 
Ratio's and final Cauſes, cheriſhed Opinions en- 


tirely contrary to theſe Final Cauſes, and true 


Phyſics or Mechanics, (which generally lead us 


to the ſame Thing ;) and amongſt others, this 


Opinion, that the ſolidity of the Planets near 


the Sun, is leſs than that of thoſe farther off. 
7. Bebo, from the Motion of the Comets, 


formerly demonſtrated, that the Planets were 


not. moved in ſolid Orbs ; becauſe the Comets 
paſſed thro them. The {ame Comets do now 


with equal evidence ſhew, that the Planets are 


not carried by corporeal Vortices ; ſeeing- the 
Comets move in Paths very oblique, and ſome- 
times cutting the Plane of the Zodiac at Right 


- Angles, and ſometimes directly contrary to the 
| courſe of the Planets, and they preſerve theſe 


Motions with the ' greateſt freedom and length 
of time; being ſubject to this univerſal Law, 


that by a Radius drawn to the Sun, they deſcribe 


Areas proportional to the Times; which would 
be altogether impoſſible, if the entire Matter of 


the Vortex were carried about the Sun with a 


Force ſufficient to carry along with them wr 
| vat 


— 
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vaſt Bodies of the Planets. Nor does it help 
Cartes at all, that he has baniſhed the Comets 
beyond Saturn, contrary to the credit of all Ob- 
ſervations, (which Tycho and the Aſtronomers 
never forc'd to ſerve their Hypotheſes, as Cartes 


would inſinuate;) ſince the matter of the Solar 
Vortex beyond Saturn (according to himſelf) has 


a greater momentum to carrry them along with 


it, than near Venus and Mercury; both becauſe 
the Globules compoſing the Vortex are greater 
there than here; and eſpecially becauſe they are 
moved much ſwifter, ſince they run a Circle im- 


menſely greater within a few Weeks, as Cartes 


has it, Parag. 62. Part z. Prin. Whence from 
the whole 'tis evident, that this Hypotheſis of 
Vortices is entirely diſagreeable with the Phæ- 


nomena of Aſtronomy, and conduces not ſo much 


to the explaining as the diſordering of the Ce- 
leftial Motions. 


PxzoposITION LXXVII. 


4 O enumerate and explain the Cauſe of the Ce- 
lieſtial Motions according to Mr. Leibnitz. 
In enquiring aftertheCauſes of theCeleſtial Mo- 


tions it is ſo natural to ſeek them in the ambient 


fluid Zther, that the Philoſophers have looked 


upon the Planets to be carried about the Sun, af- 
ter the ſame manner as ſo many Straws ſwimming 
in Water, are carried about by the Water put in- 


to the motion of a Vortex, by a Stick whirled 


about its Axis in the middle of a Veſſel at reſt. 


This ancient Opinion lay neglected for a long 
time : But in the laſt Age was revived by ſome 
great Men; for before Cartes, (of whom above,) 
it was approved of by Torricellius and Gallileo ; 
for the Reaſons without doubt, ſummarily pro- 
poſed about the beginning of Prop. 71. 


This 


_— 1 
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This Opinion pleas'd ſo well, that that moſt 
acute Philoſopher Mr. Leibnitz, (even after the 
publication of Newton's Mathemat. Princip. of 


Nat. Philoſ.) adopts it; and judges that there re- 


mains now no more, than to ſhew bow the Cauſes of 
the Celeſtial Motions: ariſe from the Motions.of the 
Ather, or (ſpeaking Aſtronomically) from different 
Orbe, but then ſuch as are not ſolid, but fluid. A 
Name ſo celebrated among Geometricians cer- 
tainly deſerves to have his Eſſay upon the Cauſes 
of the Celeſtial Motions (which he communicated 
to the Learned World in the Acts of the Learned, 


Publiſhed at Leipſic in February 1689.) exactly 


conſidered. . 

For Mr. Leibnitz (if any Man) is able to ac- 
commodate Vortices to the Celeſtial Motions, and 
aſſign Reaſons for the Laws of the Heavenly Bo- 
dies diſcover'd by Kepler. Eſpecially ſince he has 


attained ſome peculiar Light in that matter, and the 


enquiry he made, ſeemed to himſelf, who is ſo pe- 
netrating a Perſon, to ſucceed very well and agree- 


able to Nature, ſo that hereupon he had good bepes, 


of having arrived at the true Cauſe of thoſe Me- 
tions. We will therefore lay down the Method 


'this Philoſopher uſes in explaining theſe great 


Works of Nature, in as few Words as poſlible, 
and, as near as we can, in his own. 

Firſt Leibnitz takes for granted, that all Bodies 
which in a fluid deſcribe a Curve line, (and ſo 
the Planets themſelves,) are ated upon by the 
motion of the Fluid itſelf, For all Bodies de- 
ſcribing a Curve, endeavour to recede from it 
along a Right Line, which is a Tangent to the 
Curve, (from the nature of Motion ;) there muſt 
therefore be ſomething that keeps them in. Bur 
there is nothing contiguous except the Fluid, 
(by ſuppoſition, ) and no endeavour. to move 
thus can be reſtrained, but by a contiguous 

Body 
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Body likewiſe in Motion, (from the nature of 
Matter ;) the fluid it ſelf therefore muſt neceſſa - 


255 to 
rily be in Motion. | „ pot 
Since from the moſt exact Obſervations that foi 
have been made, every Planet deſcribes an Or- 8 
bit about the Sun, according to this Law, that by t 
radii drawn from the Sun to the Planet, Areas are me 
always cut off proportional to the Times; ' tis reaſo- ir 1 
nable enough that the Æther or Fluid Orb of each ren 
Planet ſnould move about the Sun after ſuch a nei 
manner as may agree with the ſaid Law of Moti- tho 
on. And this will happen, if each of the innume- wh 
rable infinitely thin circular concentric Orbs, in- the 
to which the fluid Orb of the Planet is mentally tha 
divided, has its proper Circulation, ſo much the mo 
{wifetr in proportion, as each of them is nearer the 
to the Sun; that is, if the Velocities of circu- the 
lation, in the Parts of the Fluid, are reciprocally ſeq 
proportional to the radii or diſtances from the ly i 
Sun. By which means it will happen that whe- ur 
ther the Planet be more or leſs diſtant from the E 
Sun, the Sectors that are deſcribed in equal Times cut 
by a Radius, are equal. For the ſaid Sectors are mo! 
in a Ratio compounded of the direct Ratio of diff 
the Radii or Diſtances from the Sun, and of the at t 
reciprocal Ratio of the Arcs or Circulations, and of t 
therefore (from the nature of the Circulation) 1 
in the Ratio of equality. The Circulation above mer 
deſcrib'd (where the Velocities of Circulating Par: 

are reciprocally proportional to the Diſtances ly, 
from the Center) he calls Harmonic, becauſe ſup- Sp 
poſing the Diſtances from the Center to increaſe ed | 
equably or Arithmetically, the Circulations de- to re 
creaſe in an Harmonic Progreſſion; being reci- 4 1 
procally proportional to Quantities that are in an Circt 


Arithmetic Progreſſion, which is the known pro- 
perty of Harmonic Proportionals. | fuga 


This -- 


* 


- * 
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This Great Man therefore ſuppoſes a Planet 
to be moved by a double Motion, or one com- 

unded of the Harmonic Circulation of its dif- 
terent fluid Orb, and of a Paraceutric acceſs to and 
receſs from the Sun. The Circulation of the 
Ether therefore makes the Planet circulate Har- 
monically, not by any Motion of its own, but as 
it were by a perfectly quiet ſwimming in a diffe- 
rent Fluid, whoſe Motion it obeys. Whence it 
neither retains an impetus of circulating ſwifter, 


than it had in an inferior or nearer Orb, but one 


that languiſhes and leſſens, as it paſſes through 
the ſuperior ones (reſiſting a greater Velocity 
than their own) till at laſt it inſenſibly accom- 
modates it ſelf to the Orb it approaches ; and on 
the contrary, while it moves from the ſuperior to 
the inferior Orbs, it receives their Impetus. Con- 
ſequently the Harmonic Proportion holds not on- 
ly in Arcs of Circles, but in deſcribing any other 


Curve. 


For the Area deſcribed in an Element of Time, 
cut off by radii drawn from the Sun to a Planet, 
moved in any other Curve, doth not comparably 
differ from the Sector of a Circle, whoſe Angle 
at the Center is the ſame, and Radius any one 
of the preceding Ones. 7 

The other Motion compounding with the for- 
mer, the entire Motion of the Planet (v7z. the 
Paracentric,) ariſes from a double Cauſe, name- 
95 the eœcuſſory impreſſion of Circulation and the 

un's attraction (or what is equivalent) compound- 
ed together. For fince every Body endeavours 
to recede from the Curve Line 'it deſcribes along 
a Tangent ; the Planet carried by the Vortex 
circulating Harmonically, by this Motion alone 
willr ec ede from the Sun. And theſe Centri- 
tugal Forces are ſhewn by the Author, to be re- 

c ipro-- 
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procally as the Cubes of the Radii. The other 
component Part of the Paracentric Motion is the 

Sun's Attraction, or what ſupplies the Place of it, 

the Planets Gravity: And tho? he calls this Force 

Attraction, he does not queſtion but it is derived 

from the impulſe of the ambient Fluid, like the 

actions of the Magnet. h 

Becauſe it is certain by Obſervation, that each 
primary Planet deſcribes an Elliptic Orbit, in one 
of whoſe Foci is the Sun, ſo as that by Radii 
drawn from the Sun to the Planet, Areas ate al- 
ways cut off proportional to the Times ; and 
there is no Law of Circulation in a Vortex that 
an{wers this Condition, but the Harmonic: It 
remains that a Law of Gravity be ſought after, 
that join'd with the Centrifugal conatus of the 

Body circulating Harmonically, may compoſe a 

paracentric Motion, which in conjunction with 

an harmonic Circulation makes the Body to move 
in the Perimeter of an Ellipſe, which (after the 

premiſing of a Lemma ſhewing the Ratio of a 

Circulation in a Conic Section to the paracentric 

Velocity) he defines, by demonſtrating the fol- 

lowing Theorem Jf a heavy Body be carried in 

an Ellipſe (or any other Cection of a Cone) with an 
harmonic Circulation; aud the Center both of At- 
traction and Circulation be in the Focus of the El- 
lipſe ; the Attractions or Solicitations of Gravity 
will be as the Squares of the Circulations directly, 
or as the Squares of the Radii or Diſtances front 
the Focus reciprocally. | : 

He has found therefore that there is ſuch a 

Thing as Gravity in the Planets, tending to the 

Center of the Sun, the Law of which is, that 

it is reciprocally proportional to the Squares of 

their Diſtances from the Center. And he farther 
acknowledges that this Law was known before 
to Mr. Newton ; his Principles of Philoſophy being 
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publiſhed-"before” that time, and an account of 
them given in thoſe Leipſic Acts. . 

After having annexed ſome Corollaries natu- 
rally flowing from his chief Theorem, he cloſes 
his Phyſico-Aſtronomical Eſſay, with a confeſſion 
that there remained two things to be done on this 
Argument: The one is to explain what Motion 
of the Æther it is, that makes the Planets heavy, 
or impels them towards the Sun, and that reci- 
procally as the Squares of the Diſtances, or (as 
he expreſſes it) as the Squares of the Vicinities: 
The other is, what is the Cauſe of the compari- 
fon of the Motions between the different Pla- 
nets of the ſame Syſtem, that the Periodic Times 
ſhould be in the ſeſquialteram Ratio of the mean 
Diſtances. And ſince (according to the Author) 
they both ought to depend upon the contiguous 
Bodies, all which he calls by the name of the 
Ether, theſe two tend to explain more diſtinctly 
the Motion of the Vortex or Æther that conſti- 
tutes each Syſtem. But theſe things requiring a 
deeper ſearch, and therefore not to be contain'd 
in ſo ſmall a compaſs as a Sheet, he ſays, tis 
more proper for him to publiſh his Thoughts up- 
on that Matter ſeparately. ya 


| PxoPosITION, LXXVIII. 
T1 O point at ſuch Things as are not agreeable 
to Natural Philoſophy, in the above recited 
Cauſes of the Celeſtial Motions, aſſigned by Mr. 
Leibnitz in his Eſſay. 7 34 69 ds Bs: 
Some cf the Reaſons againſt Corporeal Vorti- 
ces carrying Planets, do likewiſe 'make againſt 
the above deſcribed Eſſay of Leibnitz about the 
Cauſes of the Celeſtial Motions ; namely, that the 
Paths of ſome Comets are very oblique to the 
Zodiac, ſometimes they cut the Plane therect at 
KITES OE ON 00 7046 Right 
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Right Angles, nay, they are even directly con- 
trary ſometimes to the courſe of the Planets. And 
ſince the Comets (all the while they are obſerved 
by us) deſcribe Areas about the Sun proportional 
to the Times, by parity of Reaſon, an Harmo- 
nically circulating Vortex ought to be ſuppoſed, 
ſuch as to be as neceſſary for the motion of a 
Comet as of a Planet; that is, there ought to be 
one Vortex contrary to another.. "70 

In conſidering indeed but one Planet carried 
about the Sun (or any other Center) if it be to 


be carried by a Vortex, without any proper Mo- 
tion of its own, only ſwimming quietly along in 
a different Fluid, circulating Harmonically, and 


obeying its Motion, (which the Author ſuppoſes ) 
the Vortex ought to circulate Harmonically, ſo 


as that the Areas cut off by Radii drawn from the 


Planet to the Sun, be proportional to the Times. 
No other Conſtitution of a Vortex can make the 
| Ratio between the Areas and Times to be the 


ſame. If therefore the Vortex of our Author 


will not ſolve the Motions of the Planets, cer- 


tainly no other will. And this being once ſup- 


poſed, all the reſt, which our Author draws 


from thence by Geometry, proceeds very well 


and juſtly, as things uſually do under his Hand. 
To which I add, that ſuch a Vortex as this 
(whoſe Fluid circulating Harmonically in a Plane 
thro' the Center, to which the Axis is perpen- 
dicular,) may be produced Mechanically, by a 
ſolid Sphere, if it be revolved in an uniform and 
infinite Fluid, about an Axis given in poſition, 


with an uniform Motion, and the Fluid be made 


to move round by the ſole impulſe of it, and 
every: part, of the Fluid perſevere in its Motion 
uniformly. And this is a third thing, which re- 
maitiz for the Author to explain concerning the. 


Motion of the Solar Vortex or Ether; namely, 
9 | how 
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how it might be impelled and put into an Har- 
monic Circulation. For, ſince univerſally the 
Times of deſcribing or running any Space, are 
directly as the Spaces run, and reciprocally as 
the Velocities ; and in a Circular Motion the 
Spaces run in one Revolution are as the Radii, 
and in an Harmonic Circulation the Velocities 
or Circulations are reciprocally as the Radii; 'tis 


evident, that the Periodic Times of the Parts of 


2 Vortex circulating Harmonically, are as the 
Squares of the Radii : But we have demonſtrated, 
Prop. 775. that this is the Property of a Circula- 
tion in a Plane thro' the Center, to which the 
Axis is perpendicular in the Vortex, put into its 
Motion by a central Sphere. | | 

But, if the Motions of two or more Planets 
be compared together, it will appear, that the 
fluid Matter of the Solar Vortex is not moved in 
an Harmonic Circulation, For we have already 
demonſtrated, that the Periodic Times of the Parts 

uently of Bodies that are carried by - a quiet 
wimming in the Fluid) are as the Squares of the 
Radii. But the Periodic Times of the Planets 
are not as the Squares, or in the duplicate, but 
in the ſeſquiplicate Ratio of the Diſtances from 
the Center. And therefore different Planets are 
not moved by an Harmonic Circulation. 

The Author no doubt will ſay, that he did 
not ſuppoſe that the whole Fluid of the -Solar 
Vortex was moved by a continual Harmonic 
Circulation, no where interrupted, from Mer- 
cury to Saturn incluſively; but that the Fluid 
carrying about Mercury moved in an Harmonic 
Circulation from its Perihelium to its Aphelium ; 
then (this Harmony being interrupted, ) again Cir- 
cularly harmonical from the Perihelium of Ve- 

| N 2 nus 


of a Fluid circulating Harmonically (and conſe- 
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nus to its Aphelium, but not in an Harmony con- 

tinued with the former circulation near Mercury; 
that is, ſo as that the circulation of the Fluid 
carrying Venus, is to the circulation of the 
Fluid carrying Mercury, as the diſtance of Mer- 
cury from the Sun, is to the diſtance of Venus 
from the ſame : And again, (the former Har- 
mony being interrupted,) the Fluid earrying the 
Earth is moved Harmonically from the Perihe- 
lium of the Earth to the Aphelium, if this 
Harmony be conſidered ſolitarily, and not com- 
pared with the Harmony of the Fluid to Venus 
or Mercury; and ſo on in the other Planets: 
that is, that by reaſon of the thickneſs of each 
Orb, there holds a particular Harmony ſeparate 
and diſtinct from the reſt ; and in like manner in 
the Satcllites of Jupiter and Saturn, aſcending 


from the Center of Jupiter and Saturu. But it muſt 


be confeſſod, that the Author does ſeem likewiſe 
to extend his Harmonic Circulation alſo to dif- 
ferent Planets, in Parag. 17. where he ſays ; In 
double the diſtance, only a fourth part of the Angle 
{een from the Sim, is finiſhed in the ſame Element 
of Time ; and in triple the diſtance only the ninth 
part : For certainly theſe Numbers have no place 
in the ſame Planet. But if, (as he ought prin- 
cipally to do,) he ſpeaks expreſly concerning the 
interrupted Harmony of the circulating Parts of 
the Fluid, he will hardly perſwade Philoſophers 
that things are thus ; namely, that by reaſon of 
the thickneſs of the Orb of Mercury there is an 
Harmonical Circulation from the Perihelium to 
the Aphelium, or the Velocities of the Fluid are 
as the diſtances from the Center reciprocally 
But comparing this Circulation with the Circu- 
lation of the Æther at any other Planet, the one 
is to the other reciprocally as the Squares of the 
Radii: For we have demonſtrated (in Prop. ap 
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and 28.) independently from all Phyſical Cauſes, 
that the Celerities of the Planets are reciprocally 
as the Square Roots of their Diſtances trom the 
Sun. Certainly the Vortex of the Sun would be 
monſtrous, and theſe different fluid Orbs more ab- 
ſurd than the different ſolid Ones, if by reaſon 
of the thickneſs of each of the ſix deferent Orbs 
the Harmonic Circulation has a Place, and yet 
this Harmony in the mean while is five times in- 
terrupted ; namely, at the Interſtices of the dit- 
ferent Orbs. And it makes contrary to this In- 
terruption, that a Comet carried thro' the Zodiac 
iu conſequentia, and paſſing thro' theſe Interſtices 
of the Orbs carrying the Planets, is moved juſt 
as if it were carried by an Æther circulating Har- 
monically ; that is, ſo as that the. reas deſcribed 
by a Radius that carries it, are proportional to 
the Times. It may be obſerved likewiſe, how 
difformly difform the Solar Vortex would be, in 
which the thickneſs of the Orb of Saturn, where 
the Harmonic Circulation of the Ether holds, is 
greater than the diſtance of Mercury from Venus, 
or of Venus from the Earth, or of the Earth 
from Mars, in every one of which the Harmo- 
ny is interrupted ; and where, having laid aſide 
the reciprocal Ratio of the Radii, which' they 
keep in the Harmony, the Jirculation of any 
two of theſe compared together, are reciprocally 
as the ſquare Roots of the Radii, being about 
to reſume the former Harmony. 'The famous 
Author himſelf ſeems to have diſcovered this fault 
of his Harmonically Circulating Vortex, when 
he confeſſes, that this likewiſe was one thing re- 
mating, viz. to explain what ſhould be the cauſe 
of the compariſon of the Motions between different 
Planets of the ſame Syſtem, ſo as that the Perio- 
dic Times may be in the ſeſquiplicate Ratio of 
the Mean Diſtances : For he ſaw plain enough, 

| 4 that 
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that this could not be the effect of an Harmonic 
Circulation. | . | : 

Perhaps ſome Perſons. may wonder, that Mr. 
Leibnitz, who deduced the Motions of the Pla- 
nets from Cauſes (at firſt ſight) ſo different from 
thoſe eſtabliſhed before, ſhould notwithſtanding 
light upon the ſame Law of Gravity, whereby 
every Planet is kept in its Elliptic Orbit. 'The 
reaſon of that Coincidence is thus: 'Tho' Leib- 
nitz makes uſe of the Matter of a Vortex Cir- 
culating Harmonically for carrying a Planet about ; 
yet becauſe in a Planet thus carried about, and 
deſcribing any Curve, he confeſſes an Excuſſory 
Conatus, whereby a Planet would be made to 
move in a Right Line touching the Curve, if 
not hindred : He does the ſame as if he had made 
the Planet to meve equably in a Right Line, if 
not hindred : For theſe two Motions together 
make it ſo ; that is, all one as if it were carried 
in free Spaces, acted upon by no external Force 
at all. For in both Caſes it will deſcribe a Right 
Line with an equable Motion : For the Body de- 
ſcribing a Right Line with an equable Motion, 
runs in it after ſuch a manner as (by Prop. 1, 
Elem. 6.) that the Areas cut off by Radii drawn 
to any given Point, are proportional to the 
Times. Since therefore the Harmonic Circula- 
tion and Excuſſory Conatus together perform the 
ſame as an equable Motion in a Right Line does, 
he could not but find the Law of Gravity the 
fame with that found out before ; namely, that 
which would force the Planet from the ſame 
Right lined Tangent which it would run after 
the ſame manner, into the ſame Conic Section 
towards the Sun, placed after the ſame manner. 
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neceſſury to preſerve them. 


He we have been explaining the old 
; Philolaic Syſtem of the World, by ſhewing 
what Phenomena would happen in it, and thar 
they agree with Obſervation. We largely treated 
alſo concerning the Direction and Law of the 
Forces, whereby the Syſtem of the Sun is kept 
in its ſtate ; and after what manner the Philoſo- 


phers, who were Maintainers of it, thought it 


was done. It remains that we diſpatch briefly 
the Order and Motion which other Philoſophers 
aſcribed to the Bodies of this Syſtem, which 
Opinions are now-a-days called the Syftems of 
their Aſſertors; and we will at the fame time 
ſhew the Direction and Law of the Forces, where- 
by thoſe Syſtems might ſubſiſt. 11 


PN o POSITION LXXIX. | 
O deſcribe the Semi-tychonic Syſtem of the 
% EET 5 
The maintainers of this Opinion, place the 
Earth, which does not move progteſſively or out 


* 


of its Place, in the Center of the Sphere, in 


whoſe Superficies 4 BCD, | Fig. 62.] they will 
have the Fixed Stars to be placed. But allow-that 
the Earth moves about its own Axis from Weſt 
to Eaſt by. a Diurnal Motion. Beſides, in this 
Syſtem the "Sun moves about the Earth in the 
ipace of a Year, at a Diſtance equal to that at” 
which the Earth moves about the Sun in the Philo- 


laic Syſtem : And about the Sun, as a Center, 
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the five Planets, viz. Mercury, Venus, Mars, 
Jupiter and Saturn, are revolved towards the ſame 
Way, and at the ſame - Diſtances as they were in 
that. Moreover, the Moon revolves about the 
Earth, and about Jupiter and Saturn, their pro- 
per Satellites, in the ſame Periods as was ſaid be- 
fore, at Prop. 15. 2 


This Order, and theſe Motions of the great 


Bodies of the World pleaſe moſt of thoſe Philo- 
ſophers, that the other Syſtem explain'd at large 


before diſpleaſes, and which, from the Reviver of 


it, Copernicus, is commonly call'd the Copernican 
Syſtem, as by Longomontanus and others. For in 
this the apparent Diurnal Revolution of all the 
Stars from Eaſt to Weſt, and the proper or ſe- 
cond Motions of the Planets are entirely the ſame 
as in the Copernican Syſtem, and the Earth con- 
tinuing in the mean while in the Center of the 
Sphere of the Fixed Stars, is only moved about 
its own Axis. And tho' they place the Fixed 
Stars in the Superficies of a Sphere, whoſe Cen- 
ter is the Earth, that is to be looked upon rather 
as the Aſtronomical than the Phyſical one. 

For the Fixed Stars ſcattered as it were thro? 
the whole Mundane Space, may be placed at 
different Diſtances, without any prejudice to 
this Syſtem; and their Motion in conſequentia, 
explained by aſcribing a very ſlow Motion to 
the Axis of the Earth, as we have explained it 
in Prop. 64. 1 


PROPHOSITION LXXX. 


O explain the Direction and Law of the For- 


ces whereby the Semi- tychonic Syſtem may 

be preſerved. =: | 
*Tis evident firſt of all, that the ſame Forces 
and the ſame Direction are neceſſary here for 
| keeping 
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keeping the five Primary Planets, - Mercury, 
Venus, Mars, Jupiter and Saturn, in their Or- 
bits about the Sun, and the Attendants of Jupiter 
and Saturn in their Orbits about Jupiter and Sa- 
turn, as in the Copernican Syſtem. The Law 


therefore of the Centripetal Force, whereby in 
this Syſtem, the Secondary Planets of Jupiter 


tend to Jupiter, the Satellites of Saturn to Sa- 


turn; and the Primary Planets, Mercury, Ve- 


nus, Mars, Jupiter, and Saturn, and their Sate l- 


lites, towards the Sun; is known: For it is that 
Force which, in Prop. 47. we demonſtrated to be 
the ſame with our Gravity, which is reciprocally 


proportional to the ſquare of the diſtance. *Tis 


farther evident, that this Syſtem being ſuppoſed, 
the Moon is kept in its Orbit by Gravity propa- 
gated towards the Earth by the ſame Law : For 
Prop 46. where this was demonſtrated, holds as 
much, whether the Earth continues in the ſame 
Place unmoved, or be carried by an Annual Mo- 
tion about the Sun. But ſince the difference be- 
tweeen the Copernican and Semi-tychonic Sy ſtem is, 
that in the latter, the Sun (as it were, with its 


five attending Primary Planets and their Secon- 


daries,) is moved about the Earth in an Orbit ſi- 
milar and contrarily poſited to that, in which the 
Earth with its attendant is carried about the Sun 
in the former; beſides the Force of Gravity neceſſa- 
ry in the Copernican Syſtem : that the Earth and its 
Attendant might be carried about the Sun, there 
is occaſion for another Force equal to it, but with 
contrary Direction, that the Sun, together with 
the attending Planets, may be moved about the 
Earth at reſt in the Semz-tychonic Syſtem: For 
theſe two equal and contrary Forces impreſſed 
upon the Earth, keep it at reſt. Nay, if one 
contrary Impetus only does but put a ſtop to the 
progreſſive Motion of the Earth and its attendant 

| the 


+ 


the Moon, along the Tangent of the Orbis Mag- 
uus, and afterwards that other Force now deſcribed, 


acts upon the entire Solar Syſtem, the Copernican 


Syſtem will be turned into the Semz-tychonic. 
Therefore to preſerve the Semi-tychonic Syſtem, 
there is occaſion for both the above explained ac- 
celerate Gravity of all Bodies towards all others, 
which, in a given diſtance, is as the Body towards 
which it tends ,. and the Body being given 
towards which it, tends, is reciprocally as the 
ſquare of the diſtance 3: and alſo of another cer- 
tain Gravity, equal to that whereby the Earth 


tends towards the Sun, acting equally upon the 


Sun, Mercury, Venus, the Earth, Mars, Jupiter 
and Saturn, and their Attendants, along Lines 
parallel to a Right Line connecting the Sun and 
Earth, and with a direction from the Sun towards 
the Earth. For among theſe Forces I do not 
reckon that whereby the Earth is revolved upon 
its own Axis; as being only once to be impreſſed 
upon the Earth, as alſo upon the other great 
Bodies of the. World revolving about their own 
Axes : Nor for the ſame Reaſon do I take in the 
Force, whereby the Planets would deſcribe the 
Tangents of their Orbits: For we are now treat- 
ing of thoſe Forces and their Law, neceſſary to 
preſerve the Syſtem, and not of the Forces 
whereby it may be produced. 


PRO POSITION“. LXXXI. 


T O &eſcribe the Tychonic Stem of the 
World. 


This differs from the Syſtem deſcribed in 
Prop. 7g. only in this, that the Earth being de- 
fived of all Motion, is abſolutely at reſt ; and 
therefore all the, Sun, as well Fixed as Wan- 
10 rl 


186 The ELEMENTS Book I. 


w 3K 


ſi 


bir, es © bo fd 3: 4 On ba 


A & „ © 


Book I. of RSTRON OM. 187 


dring, are not only carried by their ſecond Moti- 
ons, but alſo by that common or firſt Motion 
from Eaſt to Weſt, in the ſpace of a Natural 
Day. 1 5 

is ſaid, that the great Tycho liked this Sy- 
ſtem beſt ; tho others deny, that Tycho allowed 
expreſly a Diurnal Motion to the Stars. But it 
muſt be confeſſed, that he diſputes againſt the 
Diurnal motion of the Earth as well as the An- 
nual: And conſequently it may be ſafely concluded, 
that he aſcribed a Diurnal Motion to the Hea- 
vens and all the Stars. e 


r ENS: 
O explain the Direction and Law of the For- 
ces, whereby the Tychonic Syſtem may be 
preſerved. 5 | : 
The ſame Forces that are required in the Semt- 


} 


 Tychonic Syſtem, are required alſo in the Tycho- 


nic, ſince the fame Motion of the Sun and Pla- 
nets are ſuppoſed in both. And beſides theſe, 
ſome other Forces, whereby all the Stars, both 
Fixed and Wandring, are drawn from their Re- 
ctilineal Motions and retained in their Orbits, 
which they deſcribe by their Diurnal Motion 
about the Earth. But theſe Forces, ſince. the 
Periods in all are the ſame, are (by Coro. 1. Prop. 
26.) as the Semi-diameters of the Circles they 
deſcribe. And therefore, beſides, the Forces ex- 
plained in Prop. 80. there will be need of another 
Force tending towards the Earth, that increaſes 
in the receſs from the Earth as the diſtances in- 
creaſe ; contrary to what happens in Gravity 
thro* the whole Solar Syſtem, and in all Natural 
Virtues propagated from a Center, or to a Cen- 
ter in Right Lines, every way thro' the Regi- 
ons round about, which Gy Prop. 48.) in its 25 
| ce 


188 The ELEMENTS Book I. 
ceſs from the Center, diminiſhes in the duplicate 
Ratio of the diſtance increaſed. And that this 
Force, whereby the Stars are retarded in their 
Orbits, deſcribed by their Diurnal Motions, may 
be the more eaſily eſtimated, let it be compared 


at the Moon with the Force of Gravity, where- 
with (by Prop. 46.) the Moon is retained in the 


Orbit ſhe deſcribes'in her Monthly. Courſe round 


the Earth. And ſince the Circles deſcribed by 
the Moon in her Monthly and Diurnal Courſe; 
are equal, the Forces whereby the Moon is retard- 
ed in them, (by Corol. 3. Prop. 26.) are reci- 
procally as the ſquares of the Times; that is, the 
Force whereby the Moon, (when ſhe 'is carried 
in the Equator by a Diurnal Motion about the 
Sun), is kept from flying off in a Right Line, 
which is a Tangent to the Orbit, is to the Force, 
whereby it is kept in the Orbit that it deſcribes 
about the Earth in a Periodic Month, as at 27x 
27 to 1; or as 729 to 1. But this Force tend- 
ing towards the Earth, holds only in thoſe Stars, 
which are placed in the Equator : For the Force, 
whereby any Star declining on one fide of the 
Egquator, towards Either of the Poles, is retracted 
from the rectilineal Motion, and kept in an Or- 
bit parallel to the Equator, (by Prop. 12.) tends 
to the Center of that Circle, and not to the 
Earth, which is ſituated without the Plane of it; 
and it is, (by Corol. 1. Prop. 26.) as the Semidi- 
ameter of that Circle ; that is, in a given di- 
ſtance from the Axis, equal or the ſame, and in 
a given diſtance from the Earth, as the Coſine 
of the Declination. | 

Therefore to preſerve the Tychonic Syſtem it is 
required I/. That the accelerate Gravity of all 
Bodies towards all others, which in a given di- 
ſtance is as the Body towards which it tends ; 


and 
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and in a given Body towards which it tends, re- 
ciprocally as the Square of the Diſtance. addy, 
Another accelerate Force equal to that whereby 
the Earth, by a ſuperior Force, tends towards 
the Sun, and acting equally upon the Sun, Mer- 
cury, Venus, the Earth, Mars, Jupiter, Saturn, 
and their Attendants, along Lines parallel to a 
Right Line connecting the Sun and Earth, and 
with a Direction from the Sun to the Earth. 
3aly, An accelerate Force, tending. towards the 
neareſt Point of the Axis of the World, propor- 
tional to its Diſtance from that Point, and reach- 
ing to the fartheſt Fixed Stars. 4%), Another 
Force like it tending to the neareſt Point of the 
Axis of the Ecliptic, and proportional to the 
Diſtance from that Point. This is the Force, 
whereby the Fixed Stars are retain'd in the Or- 
bits, which they deſcribe in their proper Motion 
from Weſt to Eaſt, upon the Poles of the Ecliptic, 
and. does not act at all in the Places that lie be- 
tween the Center and the Fixed Stars, but be- 
gins to act at the Fixed Stars: themſelves ; and 
is (by Corol. J. Prop. 26.) to the like Force in 
the Axis of the World, in the duplicate Ratio of 
the Natural Day, to the Period of the Fixed 


Stars upon the Poles of the Ecliptic. And theſe 


four will ſuffice. 
2 


PRO POSITION LXXXIII. | 
O deſcribe the Ptolemaic Syſtem. 


In this Syſtem the Earth continues abſolutely 
at 'reſt in the Center: Next to the Earth, the 
Moon, then Mercury, afterwards Venus; a- 
bove Venus the Sun, next Mars, then Jupiter, 
and Saturn ſurrounding Jupiter, juſt as in the 
Scheme, | Fig. 63.] finiſhing their Revolutions 
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der the Zodiac from Weſt to Eaſt. Above Sa- tim 
turn the whole Sphere of the Fixed Stars, (whoſe fp 
Centre is the Earth,) alſo revolves very flowly ye 
from Weſt to Eaſt, upon the Poles of the Eclip- ple 
tic: But both the Fixed Stars and all the Planets nor 
revolve upon the Poles of the Equator from Eaſt Sur 
to Weſt, in the ſpace of a Natural Day. We the 
don't reckon up the ſeveral Orbs, which the Aſ- 1 
ſertors of the Ptolemaic Syſtem place above the dia 
Fixed Stars; ſince they are only of uſe in the nus 
Theory, and don't belong to the Aſpectable con 
World. And for the ſame reaſon, we omit like» | Re 
wiſe. the Epicycles of each Planet: For in the _ ries 
Orbits here delineated, the Centres of the Epi- mon 
cycles themſelves are carried about, in whoſe gun 
Circumferences the Bodies of the Planets them- that 
ſelves are moved. 5 | Epi 


In the Scheme of the Planets, we have not 
delineated the Orbits according, to. the Proportion 
they have in the Heavens; as well becauſe Pro- 
lemy himſelf has not declared it in any, but the 
Sun and Moon; and becauſe though the Cir- 
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cles, that carry about the Centers of the Epi- pref 
cycles, are at {ome diſtance, yet the Heavens of E, 
the Planets are in this Scheme contiguous, an they 
inferior one ſometimes in the Apogæum aſcend- the 
ing from the Earth, to a Diſtance equal to that, as v 
to which the next ſuperior one deſcends in its Pe- the 
rigæum: as becauſe the Orbits of Mercury and any 
4 Venus, (not to mention the Moon) taken from the 
1 the Theories of Ptolemy, do almoſt vaniſh in re- from 
; ſpect of the Orbit of Saturn, and therefore are with 
| hardly to be deſcribed in this Scheme: For in prop 
this Syſtem, the Diſtance of Saturn from the thoſ 
Earth is an hundred and fixty times greater that ceſſa 
the Diſtance of Mercury from the Earth: But and 
in the Cypernican Syſtem, the Diſtance of Mer- by t 
cury from the Sun, is only four and twenty 7 


I times 


„ 


4 
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times leſs than the Diſtance of Saturn from the 
ſame. + ef (£1 toon et 35 | 

Tho the Order of the Planets deſcribed above 
pleaſed the Generality of Philoſophers and Aſtro- 


nomers, yet there were ſome, who placed" the 


Sun next above the Moon, then Mercury, and 
then Venus; and this Opinion is uſually aſeribed 
to Plato. But Porphyrius placed Venus imme- 
diately, above the Sun, and Mercury above Ve- 
nus, the three others (Mars, Jupiter and Saturn) 
continuing as before: Perhaps induced by this 
Reaſon, that it was better for the two Lumina- 
ries to be neareſt the Earth; whereas the Prole- 
means minding their Motions more, placed the 
Sun in the Middle of the Planets, being ſatisfied 
that the Motions of the other Planets in their 


| Epicycles depended upon the Motion of the Sun. 


Px OPOSITION LXXXIV. 


T1 © explain the Direction aud Law of the For- 
ces, whereby the Ptolemaic Syſtem may be 


preſerved. 


- Firſt, For keeping the Stars within the Orbits 
they deſcribe, by their Diurnal Motion about 
the Earth; the ſame Forces are neceſſary here, 
as were in the Tychonic Syſtem, for producing 
the ſame Effect; viz. ſuch as may tend from 
any Point of the World to the neareſt Point of 
the Axis, and be in the Ratio of the Diſtances 


from it. Secondly, To contain the Fix'd Stars 


within the Orbits which they deſcribe, by their 
proper Motion from Weſt to Eaſt, Forces like 
thoſe made uſe of in the Tychonic Syſtem, are ne- 
ceſſary. Then to keep the Luminaries (the Sun 
and Moon) in the Orbits which they deſcribe 


by their ſecond Motions ; ſince theſe Orbits are 
4 8 like 
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like their Orbits in the Tychonic Syſtem, the like 
Forces will be neceſſary in this Syſtem, to retain 
them in the ſaid Orbits, as in that ; namely (by 
Prop. 80.) the accelerate Gravity of the three 
Bodies, Sun, Earth and Moon, towards one 
another; (that may not affect any other Mun 
dane Bodies, tho they lye between them) which, 
in a given Diſtance, is as the Body towards 
which it tends, and towards a given Body, is re- 
ciprocally as the Square of the Diſtance from it; 
and beſides, another Sort of Gravity equal to that, 
whereby the Earth would tend towards the Sun, 
acting equally upon the Sun, Earth, and Moon, 
by Lines parallel to a Right, connecting the Sun 
and the Earth, and with a Direction from the 
Sun to the Earth, but ſuch as affects no other 
Planet. For that Force, whereby the Sun is re- 
tained in its Annual Orbit, is not the ſame with 
that whereby the Moon is retained in its Men- 
ſtrual Orbit, propagated unto the Sun: For the 
Force, whereby the Moon is kept in its Orbit, 
is the ſame with Gravity with us, (by Prop. 46.) 
Bur if the Sun were retained by the ſame Force, 
propagated ſo far as itſelf, the Cubes of the Di- 
ſtances of the Sun and Moon (by Prop. 27.) 
would have the ſame Ratio as the 'Squares of 
their Periodic Times ; and therefore ſuppoſing 
the Diſtance of the Moon from the Earth to be 
60 Semidiameters of the Earth, the Sun would 
not be above 340 Semidiameters of the Earth 
diſtant; and its Horizontal Parallax would be 
above 9 Minutes, which is contrary to all Obſer- 
vations ; and beſides, there would be no room 
for the Epicycles of Mercury and Venus, between 
the Heavens of the Moon and the Sun, where 
they are placed according to this Syſtem. 


Some 


ome 
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Some of this Set of Philoſophers are not 


willing to put any more than a mental diſtin- 


ction between the Motions of the Sun and 
Moon under the Zodiac, and the Diurnal 
Motions upon the Poles of the Zquator, ſo 
that the motion of each is really in the ſame 
ſimple Spiral Line, ariſing from the compoſition 
of the above-mentioned motions, into which 
theſe Celeſtial Motions are imagined to be di- 
vided by Aſtronomers, for the greater eaſe ; and 
the moſt ſimple Motion in a Right line, may 
be compounded of two or more Motions. But 
becauſe that Spiral is not a Line deſcribed in a 
Plane, a Body (by Prop. 11.) cannot be retained 
in it by a ſingle Force tending to an immovable 
Point. Either therefore, there is need of the 
ſeveral different Forces deſcribed above, or of 
a ſingle Force equivalent to. them, tending to 
a Point moved in the mean while forward and 
backward, and that in a very compounded 
Line. 1 5 . 
Beſides, to keep the other Planets (Mercury, 
Venus, Mars, Jupiter, and Saturn) within the Or- 
bits they deſcribe by their proper Motion, the 
Forces tending to the Earth are not Tufficienty 
(as was demonſtrated, Prop: 13;) nor are the For- 
ces tending to the Sun, ſince the Orbits of Ve- 
nus and Mercury do not ſurround the Sun in 
this Syſtem, and for that reaſon they are not 
concave toward him in all their Parts: Wheres 
fore, from Prop. 11. the thing propoſed is cer- 
tain. And there is no Point in the Syſtem; 
(much leſs a Body worthy to be taken notice of,) 
that can be a Center, to which the Forces may 
tend, whereby the Planets are kept from go- 
ing off in the Tangents; one of the abovea 
mentioned reaſons contradicting it. 
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But if this Prolemaic Syſtem be underſtood li- 
terally, that is, if the motions deſcribed by Pto- 
lemy, are not look'd upon as motions only ſe- 
parated by the Mind, but as ſuch as are really 
in the Planets; then there will be heed of a 
Force in the center of the Epicycle' of every 
Planet, (Saturn, Jupiter, Mars, Venus and Mer- 
cury,) tending to the center of the indeferent ; 
that is, in an imaginary Point, (or where there 


is no Body art all,) to an imaginary Point : And 


beſides, there is need of a Force in' the Planet 
itſelf, that may tend to the center of the Epi- 
cycle ; that is again, a Force in a Body, that 


may tend to an imaginary Point. But even 


thoſe Forces, whereby each Planer, and the cen- 
ter of its Epicycle are urged, are not propagated 
beyond its proper Point and Planet, nor do they 
affect any other Planets ; and there is ſtill need of 
a peculiar Force for the keeping every center of 
an Epicycle, and every Planet in its proper Orbit; 
ſo that there is no Law which reſpects all the Pla- 
nets: And the ordinary reſpeCtive Gravity of the 
Satellites of Jupiter and Saturn, towards the cen- 
time untouched. | ws | 

After the Phaſes of Venus and Mercury were 
obſerved, by the help of Teleſcopes, the Prole- 
mean Syſtem of the World was ſoon thrown aſide 
by Philoſophers : becauſe *tis evident from them, 


ters of Jupiter and Saturn, continue in the mean 


that the Orbits of Mercury and Venus muſt en- 


compaſs the Sun; as was ſhewn in Schol. Prop. 6. 
Such therefore as ſtill maintained, that the Earth 
was Immovable, made Mercury and Venus move 
in Epicycles round the Sun as a Center; thus 
far embracing the Philolaic Syſtem of the World, 
and bringing in again the old Egyptian one; 
that Vitruvius in his Book of Architecture, and 
| f Venerable 
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Venerable Bede in his of the Nature of Things; aps 
prows oE mae lb=hseln E 
Ricciblus in his Ama geſt, adds Mars to the At- 
tendants of the Sun; ſo that ſuch as have no Sa- 
tellites of their own, are made Satellites to the 
Sun, and only Saturn and Jupiter that have Sa- 
tellites, beſides the Luminaries, revolve about the 
Earth, as their immediate Center; and this Sy- 
ſtem, which is almoſt the ſame with the Tychonic, 
he calls his own. | | 

There is no need of explaining the Forces and 
their direction, that are requiſite to preſerve the 
Agyptian Syſtem, or this other of Ricciolus, 
which is little different from it.: For that appears 
very eaſy, from what has been ſaid above. 
As they are' compoſed of the Syſtems already 
deſcribed, ſo the Forces neceſſary to preſerve 
them, are parts of the reſpective Forces explained 
before. e 

SOHO LIVA. 

This Section was ſubjoin'd, to the end, that 
not only Aſtronomers, (who are no ways afraid 
of a multiplicity of the Celeſtial Motions, and 
make it a Poſtulate, that any Star may be mo- 
ved with any motion,) weighing the ſeveral dif- 
ferent Syſtems, might.embrace that which agrees 
beſt with the Phenomena : But that the Philo- 
ſophers may likewiſe chuſe ſuch a Syſtem as 
beſt agrees with Nature, viz. either the Old 
Philolaic or Copernican Syſtem, which agrees with 
the Phænomena, and may be preſerved by Gra- 
vity alone, propagated in the fame tenor thro? 
the Univerſe ; or by an accelerate force of all 
Bodies towards all others, that is, in a given 
diſtance, as the Body towards which it tends, 
and reciprocally as the ſquare of the diſtance, 
when the Body is given cowards which it tends: 
| 0 2 Or 
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Or the Semi-tyebonic, deſcribed in Prop. 19. that 
performs the ſame as the Copernican, in regard 
of the Phænomena; but then beſides the ſame 
Gravity, as is requir'd in the Copernican Syſtem, 
(by Prep. 80.) it ſtands in need of another Force, 
whoſe Magnitude and Direction perpetually 
changes; for this Force is equal to that, 
whereby the Earth would tend towards the Sun, 
and acts equally on all the Bodies of the Solar 
Syſtem, according to Right lines parallel to a 
Right line that connects the Sun and Earth, 
and with a direction from the Sun towards the 
Earth: Or (if it be reſolved upon, that the 
Earth ſhall be or is entirely at reſt) the Tycho- 
nic Syſtem deſcribed in Prop. 8 1. doing the ſame 
as to the, Phxnomena, in which (by. Prop. 82.) 
beſides the two aforeſaid Forces, there is need 
of two more; namely, one equal in every point 
of the Axis of the World, that increaſes as the 
Diſtances, and is at the Moon to the Force of 
Gravity in the duplicate ratio of a Periodic 
Month, to a Natural Day; and another Force 
like it, and ſimilarly propagated in every point 
of the Axis of the Ecliptic, that acts only upon 
the Fix'd Stars, and is at the Fix'd Stars to the 
former Force in the Axis of the World, in the 
duplicate ratio of a Natural Day, to the great 
Year, or period of the Fix'd Stars upon the Poles 
of the Ecliptic : Or the Ptolemaic Syſtem itſelf 
deſcrib'd in Prop. 83. But this does not agree with 
the Phenomena of the Heavenly Bodies, as has 
been ſhewn in Prop. 84. But if, ſetting aſide 
the Phænomena- of the Phaſes of Mercury and 
Venus, we only attend to ſuch Phenomena as 
were known by Ptolemy, and his Syſtem be taken 


for true ; (by Prop. 84.) beſides the two ſorts of 


Attractive Forces, equally diffuſed thro? the Axis 


of the World, and the Axis of the Ecliptic, there 
| 1s 
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is need of an accelerate Gravity of the Sun, 
Earth and Moon towards one another, without 
affecting any of the other Planets, which if the 
diſtance be given, is as the Body towards which 
it tends, and towards the given Body, recipro- 
cally as the ſquare of the diſtance from it ; and 
beſides, there is occaſion for another Gravity, 
(equal to that whereby the Earth would tend 
towards the Sun,) acting equally upon the Sun, 
Earth and Moon, along lines parallel to a Right 


line connecting the Sun and Earth, and with a 


direction from the Sun towards the Earth. 
Over and above, it ſtands in need of a particu- 
lar Force in the center of the Epicycle of each 
of the Planets, Saturn, Jupiter, Mars, Venus, 
and Mercury, that tends to the Center of its 
Deferent; and ſtill of another particular Force 
in the Planet it ſelf, tending to the Centre of its 
proper Epicycle, without any prejudice in the 
mean while to the ordinary Gravity of the Sa- 
tellites of Jupiter and Saturn. But if the Agyp- 
tian (or RicciolicY Syſtem be moſt fancied, 
(which indeed may be made to ſolve the Phe- 
nomena,) then, (beſides the Forces reſiding in 
the Axes of the World and the Ecliptic,) there 
is need of a mutual Gravity of the Sun, Mer- 
cury, Venus, the Earth with the Moon, (and 
Mars,) as in the Copernican and Tychonic ; but 
ſuch an one gs does not reach ſo far as Jupiter 
and Saturn ; and beſides, of a Force equal to 


that, whereby the Earth would tend towards 


the Sun, which acts equally upon the Sun, 
Mercury, Venus, the Earth, together with the 
Moon (and Mars,) along Right lines parallel 
to a Right line connecting the Sun and Earth, 
and with a direction from the Sun towards the 
Earth; and beſides of a particular Force in 

| O 3 the 


— 


198 The ELE:MENTs Book I. 
the Center of the Epycicle of both the Planets 
Jupiter and Saturn, that tends to, the Center of 
its Deferent, and of a particular Force in Jupi- 
ter and Saturn, tending to the Center of their 
proper Epicycle. £ : | 
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The SECOND B 00K. 


Of the Firſt Motion. 


N the preceding Book we have laid down 
the Principles of a True and Phyſical Aſtro- 
| nomy ; that is, we have explained, in gene- 
ral, the Motions of the Stars, as they are really in 
Nature : But ſome notice muſt be taken of the 
Appearance. of them; that is, the Elements 
ſtronomy fitted to them, are to be formed. 
For as it is out of all doubt to any Philoſopher 
that conſiders the Reaſons of 'Things, that the 
Earth is carried about among the Planets, ſo *tis 
likewiſe certain to every one that enjoys his 


Sight, that the Earth appears at reſt, in- the 
| Eo” middle 
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middle of the Univerſe, and that the Heavens, 
and all contained by them, are moved as to Senſe, 
round about it. Now not only the reaſon of this 
Phænomenon is to be aſſigned, (which has al- 


ready been done, in the foregoing Book,) but the 


Methods muſt be explained, that the Aſtrono- 
mers have uſed, to define the Places of the Stars, 
| ſeen from the Earth, who either thought, with 
the common People, that things were really ſo as 
they appear, or who thought that this Syſtem of 
Appearances ought to be retained, tho? they knew 
for certain, that things were not after this man- 
ner; and that tis according to this Syſtem that 
we muſt ſpeak with the common People ; and. 
not make our Reaſon and Philoſophy perpetually 
offer violence to our Sight and other Senſes. 

To this end is this Second Book deſigned ; 
namely, the explanation of the Words us'd in 
Aſtronomy, and the giving the deſcription and 
uſe of Spheres, Globes, and other Inſtruments, 
made principally to ſet before our Eyes the Di- 
urnal Motion, and in general to ſearch out in 
this Phyſical Syſtem, to handle (according to the 
apparent Syſtem,) and Calculate all thoſe Matters 
as are uſually ſaid by Aſtronomers to belong to 
the Doctrine of the Sphere: And tho' the Do- 
ctrine of the Sphere be. uſually firſt treated of, by 
all Authors, we have not been afraid to invert 


the Order; fince by this Method better care is 


taken agginſt young Perſons, who learn Aftro+ 
nomy, taking the Syſtem where the Earth is at reſt 
for true, to which they are firſt accuſtom- 
kd, and to which they are more inclined by their 
Senſes ; and that the Doctrine of the Sphere, 


in Kepler's judgment, ſtands in need of ſeveral 


things, that are borrowed of the Theoric part 
of Afronomy (or Doctrine of the proper Motion 
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of the Planets, a faint Draught of which you 
had in the preceeding Bock, ) by anticipation, wheres 
as the Theoric Part may be deliver'd alone, without 
needing the aſſiſtance of the Diurnal or Firſt Motion, 
or of the Doctrine of the Sphere, which treats of it. 


a. A 7 1 x _ 


SECTION * 
Of the Generation of the Circles of the 


Sphere, and of the Terms uſed in Aſtro- 
nomy, depending thereupon. 


PRO POSITION I. 


10 explain the generation and nature of tb 

Ecliptic and Zodiac, and the diviſion of them, 
alſo of the Secondary Circles of the Ecliptic, and their 
uſes, and the Terms uſed in Aſtronomy depending, 
pon them. Tin; 5 
An Obſerver placed upon the Earth, by ex- 
tending his Sight every way equally, (if not 
hindered,) thinks the World is bounded by a Sphe- 
rical Superficies concentric with himſelf, (that is, 
with the Earth) and judges all remote Objects, 
whoſe diſtance is unknown, tho' really very une- 
qually removed from one another, to be placed as it, 
were in the ſame concave ſpherical Superficies ; 
as for inſtance, he does the Fixed Stars, Sun, 
and Moon itſelf; as was ſnewn in Prop. 32. B. 1. 
This Sphere, concentric to the Earth and ſur- 


rounding it, defined by the Sight, and beſpan- 


gled with the twinkling Fixed Stars, ſupplying 
the place of an abſolute Space, is conſider'd 
as at reſt; while we abſtract the Diurnal 
Motion, whereby this entire Sphere, or rather 
the whole Heavens, are revolved from Eaſt to 
Weſt in the ſame Space of 24 Hours. But ſince, 
by reaſqn of the Annual Motion of the dan 
wth = JN about 


4 0 
n 5 > 2 
mn err nur ——— — 
* 


L 


202 The ELEMENTS Book II. 


about the Sun, the Sun ſeen from the Earth. 


ſeems to move forward daily towards the. more. 
Baſtern Stars (as was ſhewn in Prop, 2. B. 1.) the 
Sun will ſeem to move in this immovable Sphere 
or Mundane Space; and its Fath marked among 


the Fixed Stars is call'd the Ecliptic, becauſe 
the Eclipſes of the Luminaries happen only in 
this Line; as was ſhewn above. 

Having once ſettled the Ecliptic, tis evident 
that as all the Orbits of the Planets about the 
Sun; are not in one Plane, but each of the Pla- 
nets ſeen from the Sun, makes an excurſion, 
ſometimes on this ſide, ſometimes on that ſide 
of the Way of the Earth, mark d among the 
Pix'd Stars; ſo the ſame Planets ſeen from the 
Earth, make an excurſion. ſometimes on this 
ſide, ſometimes on that ſide of the Ecliptic, and 
even in the ſame points of their Orbits ſeem to 


run off variouſly, according to the different ſitu- 


ation of the Earth, (as was fhewn in Prop. 5. and 
8. B. 1.) But their eateſt excurſion is con- 
tained within the boundaries of ten Degrees; 
the Aſtronomers therefore have called = tract 
which the Sun, Moon, and Planets ſeem to. a- 
dorn with their motions, and which is a Zone 
or Belt, twenty Degrees broad, (ten on each 
fide of the Bcliptic,) by the name of the. 40. 
anc, from the images of Animals, which the 
Fixed Stars, in that tract, ſeem to repreſent, 
The number of the images, pitched upon by 
them, is twelve; either becauſe this number 
ſeems the fitteſt, for its being diviſible into parts 


without a remainder, as two, three, four, ſix, and 


twelve; or becauſe, while the Sun ſeems to run 
thro? the Zodiac, in the ſpace of a Year, there 
happen near upon twelve Lunations, or the 
Moon runs thro? all her Phaſes twelve times. 


Theſe parts of the Zodiac are called Signs, and 
2 | their 
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their marks are, Aries Y, Taurus 8, Gemini , 


Cancer , Leo N, Virgo , Libra 2, Scorpio 


im, Sagitarius «> Capricornus Vs, Aquarius , 
Piſces X. Every one of theſe Signs is again abs 
vided into 30 equal Parts, ſo that the whole Cir- 
cle (like all others) is divided into 360. The? 
the Zodiac or any other Circle has no beginning 
nor ending, , properly ſpeaking 3 yet Aſtrono- 
mers begin their reckoning from the firſt Point 
of Aries, which the Sun is ſeen in when the 
Days and Nights are equal, and Spring begins to 
the Inhabitants of the Northern Hemiſphere, 
which alſo is the Point of the common interſe- 


ction of the Ecliptic and Zquator ; as was ſhewn 


in Prop. 33. B. 1. They reckon from v to D, 
u, and ſo on, returning to Y, and beginning 
again towards the ſame way that the Sun ſeems 
to move about the Earth. And the Motion er 
Progreſs this way is ſaid to be iu conſoquoutia 
fignorum, or according to the order of the Signs; 
namely, that according to which the Sun, Moon, 


and moſt of the other Planets feem to move: 


But that Phenomenon, which is carried in the 
5 Order, or from & to V, or from v to 

X, is ſaid to be moved contrary to the order of 
the Signs, or in antecedentia, 

Becaule the Axis of the Earth after ſeveral 
Revolutions about the Sun, goes a little off 
from a Site parallel to that it formerly had, des 
ſcribing the Superficies of a Cone, the images 
of the Stars have removed from the Signs ef 
the Zodiac, to which they - originally” gave 
Names. And this happens not upon the account 
of the motion of the Stars or the Zodiac, but 
becauſe the Æquator of the Earth is moved to- 
gether with the Axis of the Earth, fo as that 
the interſections of the Celeſtial Mquator, _ 
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the Ecliptic, or Equinoctial Points, ( and conſe- 
quently all the points of the Zodiac, as they are 
expreſſive by Numbers) remove in antecedentia; 
and the images or the Fixed Stars ſeem in re- 
ſpect of them to be transferred, in conſequentia; 
as was ſhewn in Prop. 64. B. 1. 

If innumerable Circles be ſuppoſed to be drawn 
through the Poles of the Ecliptic, cutting the 
Ecliptic at right Angles, which are called its Se- 
condary Circles, any point in the Heavens may be 


referred to the Ecliptic, by the help of them; 


that is, any Phenomenon is underſtood to be in 


that point of the Zodiac or Ecliptic, in which 


ſuch a Semicircle, paſſing through the Pheno- 
menon, cuts the Ecliptic. And the Phenomena 
that are after this manner referred to the ſame 
point of the Zodiac, are ſaid to be conjunct, or 
in Conjunction; but ſuch as are referred to the op- 
polite Points, are in Oppoſition. If a Quarter of 
the Zodiac lies between the points to which the 
Appearances are referred, they are ſaid to be in a 
Quartile Aſpect, but if a Third Part of the Zo- 
diac, in a Trine Aſpect; laſtly, if a Sixth Part 
of the Zodiac lies between them, they are ſaid 
to have a Sextile Aſpect. | 
Again, an Arc of the Ecliptic intercepted be- 
tween the beginning of Aries and the ſaid Point 
of Interſection, and reckoned according to the 
order of the Signs, is called, the Longitude of 
that Phenomenon or Point, as the Arc of a 
Secondary Circle, intercepted between the E- 
cliptic and the ſaid Phænomenon or Point of the 
Heavens, is called its Latitude; on which Ac- 
count theſe Secondary Circles are called Circles 
of Latitude. 'The Latitude is either Northern or 
Southern ; for the Heavens are divided according 
to Aſtronomers, by the Ecliptic, (a Celeſtial 
Circle, becauſe originally conſider'd in the 
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Heavens) into a N Anern and Southern He- 
miſphere. | E 


PrxoPosITioN II. is 


71H10 give an Account of the Geneſis, Nature aud 


h Uſes of the Celeſtial Equinettial and its Se- 
condary Circles and Parallels, and to explain- the 


Terms uſed in Aſtronomy, depending thereon. 


If the Plane of the Earth's AÆquator, or Cir- 
cle lying exactly betwixt the Foles, upon which 
the Earth by its Diurnal Motion revolves, be 


produced every way, it will interſect the Sphe- 


rical Surface of the Heavens, concentric to the 


Earth, in a correſponding Circle in the Hea- 


vens, and the Axis of the Earth produced will 
mark out the Poles in the ſame Sphere. And 
though the Earth, with its Axis and Æquator, be 
carried about the Sun by an Annual Motion, 
yet the Circle deſcribed by the Earth, is ſo ſmall, 
in regard of the Fixed Stars, that the Axis and 
Zquator of the Earth (every where parallel to 
themſelves) being produced, fall upon the ſame 
Fixed Stars, as to Senſe, and therefore all the 
other Fixed Stars, that retain the ſame Situation 
in regard of one another, retain alſo the fame- 
Situation in regard of the Æquator and Poles of 
the Heavens, excepting ſo far as the Axis and 
Zquator on the Earth do not continue parallel 
to one another; concerning which we ſhall 
ſpeak in the following Propoſition. And be- 
caùſe the Earth revolves, upon its own Axis, in 
the ſpace of a natural Day, from Weſt to Eaſt, 
any Body ſeparate. from the Earth will ſeem to 
deſcribe a Circle in the Concave Sphere, paral- 
lel to the Celeſtial Fquator in the ſame Time 
from Eaſt to Weſt, the Eye being placed in the 
Earth, and judging its own Habitation to be un- 


moved); as was explained at large in Prop. 32. B. 1. 


But 
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But becauſe the Earth is carried about the Sun 
in its Annual Motion, the Earth's Æquator con- 
tinuing always parallel to it ſelf, applies it ſelf 
only Twice a Year to the Sun, ſo that the Sun 
may be found in the Plane of it produced, and 
conſequently that the Light of the Sun may 
reach to both the Poles of the Earth, and every 
Point of the Earth turn'd about in the Diurnal 
Motion, may be as long in the Light as in the 
Dark, (as was ſhewn in Prop. 33. B. 1.) that 
is, the Sun is ſeen only 'Twice a Year to deſcribe 
the Celeſtial Equinoctial Circle in its Diurnal 
Motion, in which Caſe the Days will be equal to 
the Nights to all'the Inhabitants of the Earth : 
For the Equinoctial interſects the Ecliptic in the 
Point in which the Sun appears among the 
Fixed Stars, when its Light reaches to both the 
Poles of the Earth, and cauſes the Equinox 
through all the Globe of the Earth. For in eve- 
7 other Caſe, the Sun, in its Diurnal Motion 
like the other Celeſtial Bodies) ſeems to de- 
cribe Circles parallel to the Equinoctial, among 
which they are the moſt conſiderable, that 
the Sun ſeems to deſcribe in the Heavens, when 
the Poles of the Earth do moſt incline towards 
the Sun ; that is, when the Sun is ſeen from the 
Earth in the beginning of the Signs of Cancer 
and Capricorn among the Fixed Stars ; which 
therefore are called the Tropics of Cancer and 


Capricorn, becauſe the Sun returns immediately | 


from thence towards the Equator. There are 
Two other Circles alſo parallel to the Equinocti- 
al Circle ( namely thoſe which the Poles of the 
Ecliptic ſeem to deſcribe in their Diurnal Mo- 
tion; and by Conſequence are as far diſtant from 
the Poles of the Equinoctial as the Tropics are 
from the Equinoctial,) called the Polar Circles, 

| either 
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> Sun either becauſe they are deſcribed by the Poles of 
con- the Ecliptic by the Firſt or Diurnal Motion, or 
t ſelf becauſe they are near the Poles of the Equino- 
Sun ctial, which are called the Poles of the World ; 
and | becauſe all the World beſides the Earth, ſeems 
may to be moved about them in the ſpace of 24 
every Hours. The Equinoctial Circle, as uſual, is di- 
urnal vided into 3 60 Degrees, and theſe Degrees are 
n the reckoned towards the ſame Parts as the Degrees 
that of the Ecliptic 'or Zodiac, namely, from Weſt 
cribe to Eaſt, according-to the Order of the Signs, 
urnal and from the ſame” beginning; namely, the firſt 
ial to Point of Aries. As any Point in the Heavens is 
arth : referred to 'the Zodiac by the Secondary Circles ; 
n the of the Ecliptic, ſo by the Secondary Circles of \ 
the the Equator, any Point is referred to the Equi- 
1 the noctial. And the Arc of the Secondary Circle 
11NOX comprehended between the Point and the Equa- 
eve- tor, is called the Declination of that Point; 
"tion North or South, according as it is towards this 
de- or that Pole. For à Point is faid to decline juſt 
nong ſo much as it is diftant from the Primary Circle, 
that being the middle and' principal one of the Diur- 
vhen nal Motion which moſt affects our Sight. This 
'ards Diſtance or Declination, belongs to the Secon- 
1 the dary Circles of the Equator, which 'are therefore 
ncer called the Circles of Declination: The chief of 
hich which are the T'wo Colures, one of which paſſing 
and through the Interſections of the Ecliptic and E- 
itely quator, or Points of the Equinoxes, is called the 
are Equinoctial Colure; and the other at right angles 
)Cti= with the former, is called the S0/ſ?z77al Colure, 
the becauſe it meets in the Ecliptic in the remoteſt 
Mo- Points from the Equator, where the Solſtices are 
rom celebrated. | 
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P RO POSITION III. 


1 the Terreſtrial Equator, and its Secondary 
Circles and Parallels, and to explain the Terms uſed 
in Aſtronomy and Geography depending thereon. 

The Equator is properly a Terreſtrial Circle, 
becauſe being originally in the Earth, and tranſ- 
ferred to the Heavens only upon the account of 
the Firſt or Diurnal Motion, (which is only an 
apparent one in the Heavens.) Its Four princi- 
pal Parallels, the Two Tropics, and Polar Cir- 


cles, 2 be underſtood to be on the Earth, ei- 


ther as ſo many Circles lying directly under the 
Circles in the Heavens of the ſame Name, the 
Generation of which we have ſhewn in the pre- 


ceding Propoſition; or ( which is more natural) 


as originally generated in the Earth it ſelf. And 


then the Tropics will be Circles on the Earth, 


lying directly under the apparent Courſe of the 
Sun, when the Pole of the Earth, which is near- 
eſt, inclines moſt to the Sun: But the Polar 
Circles, ſuch as bound thoſe Tracts of the Earth, 


as have at that Time perpetual Day or Night, as 


was explain'd in Prop. 33. B. 4. 


Theſe Four Circles parallel to the Equator, 
divide the Globe of the Earth into Five Zones ; 


of which, that is the Torrid, which is contained 


between both Tropics, becauſe lying directly 
under the Courſe of the Sun, and receiving its 
direct and (by Conſequence) moſt powerful Rays. 
The Inhabitants of this Zone are called Amphi- 
ſeians, becauſe the Shadow of a Perſon ſtand- 


ing upright, moves as well towards the Right as 


the Left Hand of him that obſerves it, and becauſe 
the Noon Shadow at certain different times of 


the Year, is projected towards both the Poles. 


The Tracts of Land included within the 'Two 
| Polar 
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Polar Circles, make two other Zones ; both of 


them Frigia, becauſe they receive only the oblique 


and (conſequently) weakeſt Rays of the Sun, 
that are not therefore able to thaw or diſ- 
ſolve the coheſion of the Ice, that froze during 
the Winter and long Night-time, in the follows 
ing Summer, or as long a Day-time. The Inha- 
bitants of theſe Zones, in regard of the Shadow, 
are called Periſcians, becauſe the ſhadow (the Sun 
not ſetting) moves round about them. Between 
the Torrid, which is the middle, and the two 
Frigid, which are the extreme Zones, lie two 
others, call'd the Temperate Zones, becauſe par- 
taking of the affections of both the adjacent 
extremes; the Northern of which is bounded 


by the Tropic of Cancer and the Arctic Polar 


Circle; and the Southern, by the Tropic of Ca- 
pricorn and the Antarctic Polar Circle. And 
tho' the Ancients ſaid that theſe only were 
temperate and habitable, yet experience now 


informs us, that both the Frigid and Torrid | 


Zones are fit for the nouriſhment of Animals, 
and Vegetables ; ſeveral other Caules, partly 
Phyſical, and partly Aſtronomical, making com- 
penſation for the too direct or oblique inci- 


dence of the Rays. The Inhabitants of the 


Temperate Zones are called Heteroſcians, be- 
cauſe their Noon ſhadow is thrown only to- 
wards one Pole, viz. the neareſt, and carried a- 
bout only towards one quarter, as it is with us, 
who inhabit the Northern Temperate Zone, and ſee 
our own ſhadow projected towards the right hand. 
Again, ſuch as live upon the Equator, have 
their Days and Nights always equal, becauſe as 
well the Equator as the Circle diſtinguiſhing 
the enlightened part of the Earth from the ob- 
ſcure, are great Circles of the Sphere; and 
therefore, (by Prop. 11. Book 1. Theodoſ.) 
. they 
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they biſect one another; conſequently, each 
Point in the Equator being carried round about 
equably in its Diurnal motion, is as long in the 
light as in the dark. But to an Inhabitant living 
without the Equator towards either Pole, the 
Days are longer than the Nights, when the 
Pole of the Earth that is neareſt inclines to- 


wards the Sun, and are then the longeſt, when 


that Pole inclines moſt towards the Sun: And 
the farther an Inhabitant lives from the Equa- 
tor, the longer are the longeſt Days to him, 


till at laſt at the Polar Circle in Summer there 


is no Night at all; as has been ſhewn at large 
in Prop. 33. B. 1. This is the reaſon why Pirole- 
my and other Geographers, divided the Earth by 


Circles Parallel to the Equator, diſtant from 


one another, and their beginning (viz. the E- 
quator,) ſo much as that the longeſt Day is a 
quarter of an Hour longer in one Parallel than 
in the other next Paralle/, They take no notice 
of any diviſion into leſſer parts, becauſe they would 
be ſcarce ſenſible; and they looked upon this 
ſpace (tho' properly a little Zone) as indivi- 
fible in regard of Latitude, and therefore they 
calPd it a Parallel, Circle being underſtood. 
Making the Equator then to be the firſt Paral- 
lel ; the ſecond paſſes through thoſe parts of 
the Earth, where the longeſt Day is 123 Hours; 
the third thorough them, where the Day is 123 
Hours, and ſo on; and in the other Hemiſphere 
after the ſame manner. Two ſuch ſpaces make 
a Climate, which therefore differ from one ano- 
ther the length of half an Hour. Each Climate 
received a name from ſome conſiderable Place 
lying in it ncar its middle: and therefore there 
muſt be 24 of them reckon'd from the Equator 
to either Polar Circle, ſince the greateſt or 
longeſt Day is 12 Hours longer. But the An- 
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Equator itſelf, but made the firſt Climate to 
paſs thro* the Iſland Meroe, where the longeſt 
Day was found to be an whole Hour longer 


than 12 Hours, either becauſe they left this Re- 
gion near the Equator for a right Sphere, in 


regard of which, the other Regions on the ſides 
of it, are called xx; or becauſe perhaps they 
judged the interior parts to be uninhabited : 
Tho' Ptolemy ſays, there were ſeveral in his 
time, who maintain'd, that there were habita- 
tions under the Equinoctial itfelf, juſt as it 
were in a temperate Region; but the People 
of his Age, had not to that Day penetrated thi- 
ther. Ptolemy has not given us an exact compu= 
tation of the Parallels, ſo far as to the Polar 
Circle itſelf, they being more numerous there- 
abouts, and he not thinking it worth his while 
to be over nice in his enquiries in the more 
Northern Parts. As for the Climates on the o- 
ther ſide of the Equator towards the Antarctic 
Pole, he has given each of them ſuch a name, 
as ſignifies that ſuch an unknown Climate is as far 


tliſtant from the Equator towards the South, as 


a certain known one is from the ſame Equas 
tor towards the North ; as the Climate A- 
Mecông, Avli- du Sonyns, Sc. | 


. * 


As the Places of the Stars, or any Points in 


the Heavens, are computed as to their Longi- 


tude and Latitude, by means of the Eelipric 
(which is properly a Celeſtial Circle) and its Se- 
condary Circles ; ſo the Longitudes and Latitudes 
of Places on Earth, are computed in the Equator 
(which is properly a Cirele on the Earth,) and 


its Secondary Circles paſſing thro” the Poles of the 


Earth. Any ſuch Secondary Circle drawn thro? 
any Place upon the Earth, is called the Meridian 
of that Place, becauſe when the Earth in its 

„„ Diuts 
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Diurnal revolution has arrived to ſuch a fituation, 
as that the Sun is in the Plane of that Circle 
produced, it is Noon Day ; as ſhall be more 
largely explain'd hereafter. The Latitude of any 
Place is an Arc of the Secondary Circle of the 
Equator, or of a Meridian, intercepted between 


the Equator and the Place: And it is either Nortb 


or South, as the Place is diſtant from the Equa- 
tor towards the North or South Pole. But the 


Longitude of a Place is computed from the Weſt 


towards the Eaſt in the Equator itſelf, becauſe 


the boundary of the Land towards the Weſt is 


better known than that towards the Eaſt. And 
becauſe the Equator has no beginning, nor any 
Cardinal Point, (as in the Heavens,) marked 
out by its interſection with the Ecliptic ; 
the firſt Meridian, from whoſe interſection with 
the Equator the beginning of the reckoning is 
to be made, was left to the liberty of Geo- 
graphers to be ſettled. Now, they allow'd of no 
dry and habitable Land | beſides the Continent 
they themſelves inhabited, together with the 
adjacent Iſles; they feigned therefore a firſt 
Meridian paſling thro* the moſt Weſtern Place of 
the Earth, that was then known, (as the Azores 
or Fortunate Iſlands ;Y and from thence Eaſt- 
wardly, they diſpoſed of all Places on the 
whole Surface of the Earth, in regard of Lon- 
gitude ; and called the Longitude of a Place, 
that Arc of the Equator which was intercepted 
between the Firſt Meridian and the Meridian of 
the Place. But when they found the Globe of 
the Earth was really Inhabited all about, and 
there was no ſuch thing as a moſt Weſtern Place, 
the above-mention'd way of reckoning the Lon- 
gitude of Places was by degrees neglected, which 
would have been of great uſe in underſtanding 
the Hiſtories of the Ancients ; (tho? it _ 
1 
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ſtill be made uſe of;) and every one made the 
Meridian of his own City to be the chief, and 
took notice how the Meridians of other Places 
ſituated towards the Eaſt or Weſt ſtand in regard 
of this, or how many Hours there are between 
the more Eaſtern Meridians leaving the Sun, 
and the more Weſtern Meridians overtaking of 
it, or between the Sun's ſeeming to leave the 
more Eaſtern Meridian, and arrival at the more 
Weſtern. 5 

Again, ſome of the Inhabitants of the Earth 
being compared together in regard of the 


Meridians and Parallels, by Geographers 


are called Periæci, being thoſe who inhabit 


in the ſame Parallel of the Earth, but in op- 


poſite Meridians, which are the oppoſite 
halves of the ſame Circle computed from 
the Poles, becauſe ſuch Places as are in ſuch 
oppoſite Semicircles are referred to oppoſite 
points of the Equator of the Earth. Whence 
the Periæci enjoy the ſame Seaſons of the Year, 


by reaſon of the inclination of that Pole of the 


Earth towards the Sun, which is neareſt to both, 
or its declination from the Sun ; or ſpeaking 
according to the apparent reſt of the Earth, be- 
cauſe the Sun, after the ſame manner, approach- 
es to, or recedes from the Parallel of both 
Places, ( becauſe the fame: ) But they have 
alternate changes of Noon and Midnight, ac- 
cording as the Meridian of the one or the o- 
ther is turned to the Sun by the diurnal re- 
volution of the Earth, or (which is all one,) as 


the Sun carried about us in its apparent diurnal 


revolution, approaches to the Meridian of the one 
or the other of them; unleſs they live in a Pri- 
gid Zone, where they enjoy the Day together. 
Again, other Inhabitants of the Earth are called 
Antzci, being thoſe who live in the ſame Meri- 
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dian, but in oppoſite Parallels, ſo that they have 
the ſame Noon and the ſame Midnight; be- 
cauſe they have the ſame Longitude. But the 
Summer of the one is the other's Winter, ac- 
cording as the Earth in its annual motion turng 
ſometimes its North Pole, and afterwards its 
South Pole, more towards the. Sun ; or as the 
Sun. declines from the Equator to this or the 
other Pole. And laſtly, others are called An- 
tipodes, becauſe they live in oppoſite Meridians 
and Parallels, and walk with their Feet diame- 
trically oppoſite to ours. Theſe have all things 
happening contrary to one another ; 'The one has 
-Summer or. long Days or no Nights, at the 
fame time as the other has Winter and ſhort Days 
or perpetual Nights ; *tis Night here when *tis 
Day there, and Night there when *tis Day here. 
?Tis evident an Inhabitant of the Equator, is an 
Antcœcian to himſelf; and that the ſame Perſon 
is both Pericecian and Antipode to him; but that 
an Inhabitant of both the Poles is a Pericecian to 
himſelf, and that his Antœcian is the ſame as his 
Antipode. 


PROPOSITION IV. 
HO give an account of the generation and na- 
ture of the Horizon and its Secondaries and 
Parallels, aud to explain tbe Terms in Aſtronomy 
depending thereon. 
Beſides the lately mention'd Circles of the 


| Equator and Ecliptic, in reſpect to which, A- 


ſtronomers have determined the Places of the 
Stars viewed from the Earth, there is another 
called the Horizon, which is the great Circle, 
appearing to every one, ſtanding in an open 
Plain, and looking round about, to divide 
the viſible from the inviſible part of the 


Heavens. 'This Circle is the moſt conſide- 
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rable of all in a Sphere as to appearance; becauſe 


immediately taken notice of and determined by 


any Obſerver, tho' the moſt unskilful. Its ge- 
neſis in the true Syſtem, has been deliver'd a- 
bove in Prop. 32. B. 1. But becauſe the Sphe- 
rical Superficies, to which we referred all Cele- 
ſtial Phænomena, is ſuppoſed to be concentric 
with the Earth and not the Eye, a Plane that 
paſſes thro*' the Eye and touches the Earth, will 
not divide it into equal Segments ; therefore 
the Horizon there deſcribed, generated by the 
Section of the {aid Plane and Sphere, is proper- 
ly called the Senſible Horizon ; becauſe defined, 


by Senſe: And the Rational Horizon of this Spe- 


ctator, is that which is made in Cutting of- 
the ſaid ſpherical Superficies, by a Plane paral- 
fel to the ſenſible Horizon, and paſſing thro* the 
center of the Earth. Theſe two parallel Planes 
produced, will mark out the ſame Circle in the 


Superficies of that very great Sphere, wherein 


the Fixed Stars are ſeen, becauſe the Earth com- 
pared to the Sphere of the Fixed Stars, is but 
like a Point. From whence 'tis evident, that 
the Horizon conſidered among the Fixed Stars 
is a great Circle in a Sphere, every way equi- 
diſtant from the Point, exactly over the Head of 
the Perſon (whoſe Horizon it is,) called the Ze- 
nith, and from the oppoſite to it the Nadir: Which 
Points therefore, viz. the Zenith and Nadir are 
the Poles of the Horizon, in which the Secondary 
Circles of the Horizon, drawn thro? all the points 
of the Heavens, croſs one another, which are 


therefore called Vertical Circles, and ſometimes 


Azimuths ; but the Parallels of the Horizon, whe- 
ther ſuppoſed to be above or below, towards the 
Zenith or Nadir are called Almicanters. 'There are 


two of theſe Vertical Circles, that are moſt con- 


ſiderable, the one paſling thro? the Zenith (the com- 
| T4 mon 
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mon Node of all the Vertical Circles) and the 
Poles of the World, call'd the Meridian; namely 
the Celeſtial, becauſe being directly over the Ter- 
reſtrial Meridian: This Circle interſects the Ho- 
rizon in the Cardinal Points of South and North, 
and marks them out. The other chief Vertical 
Circle is at Right angles to this, and interſects 
the Horizon in the points of Eaſt and Weſt; and 
becauſe the former, tho' a Vertical Circle, is called 
likewiſe by another name, viz. a Meridian, this 
latter has the name of the Primary or Prime Vertical, 
By the help of the Horizon and its Secon- 
daries, any point of the Heavens whatever is 
diſpoſed of according to its Altitude above or 
Depreſſion below the Horizon, and Azimuths. 
That is, the Altitude or Depreſſion of any Point 
is an Arc of a Vertical Circle intercepted between 
the ſame Point and the Horizon: And the Azi- 
muth is an Arc of the Horizon intercepted be- 
tween the North or South Cardinal Point and that 
Point wherein the Vertical Circle drawn thro' the 
Phænomenon, meets the Horizon; which is 
Eaſtern or Weſtern, according as you reckon from 
the Meridian towards the Eaſtern or Weſtern 
part of the Heavens. Sometimes the Azimuth 
is reckoned from the Eaſtern or Weſtern Cardinal 
Point towards the North or South. But the 
Eaſtern or Weſtern Amplitude, which is an Arc of 
the Horizon, reckoned from the Eaſt or Weſt to a 
Point, riſing or ſetting, is always reckoned from 
theſe Points, and therefore both may be Northern 
or Southern; tho* this way of naming them ſeems 
to haye flown firſt from entire Conſtellations ; | 
and the queſtion was, how large a ſpace of the 
Horizon any Conſtellation took up in riſing or 
ſetting, 


That 
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That Portion of the Convex Surface of the 
Earth, that the Spectator ſtands upon, being ta- 
ken as a Plane parallel to the Horizon; the ſeve- 
ral Quarters of the Winds are conſider'd in it, 
and the Cardinal ones are the North, South, 
Faſt and Weſt ; lying under the Meridian and 
Prime Vertical, deſcribed above, and are the 
Sections of the Horizontal Plane, and the Planes 
bf the faid Circles. The Motion of the Heavens 
will point out to us theſe Four Quarters ; name- 
ly the Eaſt, where the Sun riſes in the Equi- 
noxes ; the Weſt, where the 'Sun ſets that Day : 


The North, where the Pole of the World is ſeen 


by us, the Inhabitants of the Northern Hemiſ- 
phere of the Earth, and the Stars call'd the Sep- 
tem Triones, always appear : And laſtly , the 
South, from whence the Sun ſhines upon us at 
Noon. For the Terms in Aſtronomy are accom- 
modated to ſuch Tracts of the Earth as are ſitua- 
ted in the Northern 'Temperate Zone, becauſe 
Aſtronomy was firſt cultivated in thoſe Parts. 
There are as many lying exactly between the 
Four Cardinal Points, that have Names (in the 
Englifh and other Tongues a-kin to it) made up 
of the Cardinal Points next to them, having the 
Name of the chief Cardinal Point ſet firſt. Be- 
twixt theſe Eight are placed Eight more, ha- 
ving Names made up of the Names of the Eight 
preceding ones, ſo as that each of them is made 
up of the Two laterals next it, and the princi- 
pal Cardinal fer firſt : Hence it comes to pals. 
that the Name of the chief Cardinals is preſent- 
ly doubled, and the Names of the other Cardi- 
nals in the beginning and end of the Word thus 


compounded. Between the Sixteen Points na- 


med, there are Sixteen others having compound 
Names, each from one of the Eight Firſt, to 


which the Name of the Cardinal Point towards 


which 
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© which it declines, . is connected by a Prepoſition ; 


and thus we have Two and Thirty Wind's Ways, 
or Points, which are the common Interſections of 
as many Vertical Circles with the Plane of the Ho- 
rizon, and ſerve to diſtinguiſh the Winds accu- 
rately enough. But we uſe the Degrees of the 
Horizon, in reckoning the Azimuths of the Ce- 
leſtial Phænomena, beginning from one of the 
Four Cardinal Points, as was {aid above. Beſides, 
theſe Points ( while they are conſidered in the 
Plane of the Horizon ) are looked upon as Right 
Lines; but if the Surface of the Earth be looked 
upon as Spherical Cas it really is,) none of them 
produced upon the Surface of the Earth are Right 
Lines, and only the Cardinal Points are Cres 
namely, one pointing out the North and Soutb, 
being a great Circle, and the ſame with the Me- 
ridian of the Place, from whence it takes its be- 
ginning ; the other ſhewing the Eaſt and Weſt, 
being a leſſer Circle, paſſing. through the Place, 
and parallel to the Equator ;- excepting when the 
Place is in the Equator it ſelf, in which Caſe it is 
a great Circle; becauſe the Equator it ſelf., The 
other Points of the Compaſs being; produced up- 
on the Surface of the Earth are Spirals ſus gene- 
ris, cutting all the Meridians at given Angles, 
and are called Rhumbs or Loxodrymcs, _., 


” * 


ProPosITION V. I 
* O explain the Generation and Nature of the 
Celeſtial Meridian and other, Hour Circles. 

In Prop. 3. we explain'd what Sort of a Circle 
the Meridian of any Place conſidered upon the 
Earth was; viz. a Circle compaſſing the Earth, 
and paſſing through the ſaid Place and both the 
Poles; and conſequently a great Circle, be- 


cauſe paſſing through oppoſite , Points. And 


the Celeſtial Meridian of the ſame Place is that 
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in the Heavens, which lies directly over and 
anſwers to it. And becauſe the Obſerver conti- 
nuing in the ſame Place, eſteems the Earth, and 
therefore the Place where he ſtands, and th 

Point over his Head as unmoved, he likewiſe 
conceives the Celeſtial Meridian paſſing through 
the Poles and the Vertex of the Place, which 
are at Reſt, as a Celeſtial Circle unmoved; And 
fince the Heavens and all the Stars ſeem to move 
round in the Diurnal Motion, he conceives the 
Meridian of the Place where he is, as having no 
ſhare of that Motion, and as it were, . without 
the movable Heavens, and ſuppoſes the Heavens, 
as if they were revolved within it, And it is al- 
ways Noon at any Place, when the Sun, by the 
Diurnal Revolution of the Heavens, appears to 
have arrived at the above-mentioned immovable 
Celeſtial Meridian above the Horizon ; and Mid- 
night, when the Sun has reached the other 
Part of it below the Horizon, For fince this 
Celeſtial Meridian paſſes through the Poles af 
the Horizon and Equator, and ( by Prop. 15, B. 
1. Spheric. of Theod. ) interfects the Horizon 
and the Equator together with its Parallels at 
right Angles; *tis evident that the Meridian dir 
vides the Segments of all the Circles parallel to 
the Equator made by the Horizon, into equal 
Parts; and therefore ſince the Sun deſcribes. in 
its Diurnal Motion, one of theſe Parallels, (the 
Arc above the Horizon in the Day-time, and 
the Arc or Portion of it below the Horizon in 
the Night,) *tis evident that Mid-day or Noon 
is when the Sun comes to the Meridian above 
the Horizon, and Mid- night when it arrives at 
its oppoſite Part, lying hid below the Horizon: 
from whence it has its Name. And for the ſame 
Reaſons the middle Point of the Continuance of 
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any Star above or below the Horizon happens, 
when that Star comes to the Meridian : Where, 
at the ſame Time, it has its greateſt Elevation, 
call'd its Meridian Altitude. 

Again, ſince the Space of Time between the 
Two neareſt Noons, is ſuppos'd to be divided in- 
to 24 equal Parts, (called Hours, ) and by rea- 
ſon of the equable Revolution of the Earth about 
its own Axis, the Sun ſeems to deſcribe the E. 
quator equably (or ſome parallet to it) upon 
the Poles of the Celeſtial Equator ; beſides the 
Meridian, there are Eleven other Hour Circles to 
be conceived, paſſing through the Poles of the 


Equator, and together with the Meridian, divi- 


ding the Equator into 24 equal Parts ; and theſe 
are eſteem'd (in regard of the ſame Place) as 
immovable, and like the Meridian, placed with- 
out the Sphere, the Heavens in the mean while 
revolving equably under them. From whence it 
is evident, that an Arc of the Equator intercept- 
ed between any Two the neareſt of theſe Circles 
is 15 Degrees, that is, the 24th Part of an en- 
tire Circle. But when the Terreſtrial Meridian 
alters, the Obſerver changes all his Hour Cir- 
cles with it. They are called Hour Circles, be- 
cauſe when the Sun, is arrived at any of them, 


by its apparent Diurnal Motion, the Hour of 
the Day is ſo much before or after Noon, as this 


Circle in order, is more Eaſtern, or more We- 
ſtern than the Meridian. An infinite Number 
more of theſe Sort of Circles may be imagined, 


according as we ſuppoſe the Hour to be divided 


into 60 Minutes, and each Minute again into 60 
Seconds, and ſo on, Theſe Hour Circles are 


the ſame in Poſition, with the Circles of De- 


clination ; (of which in Prop. 2. ) becauſe they 


are Secondaries to the Equator : But they differ 
in 
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in this, that the Circles of Declination revolve, 
together with the Stars and Points of the Hea- 
vens, Whoſe Declination they meaſure ; but 
theſe Hour Circles (as was ſaid before) are 
look'd upon as immovable. Hour Circles alſo in 
the Heavens, anſwer to Meridians on the Earth ; 
and indeed the Meridians on the Earth, are the 
real Hour Circles, and are only apparent ones in 
the Heavens. For as *tis Noon in a given Place, 
when the Earth, revolving by its Diurnal Rota- 
tion, arrives at ſuch a Situation, that the Plane 
of the Meridian produced may fall upon the . 
Sun: So it is ſuch or ſuch an Hour before or af- 
ter Noon, as is the Order of that Terreſtrial Me- 
ridian, in whoſe Plane produced the Sun is then 
found, from the Meridian of the Place. 


PRKO POSITION VI. 


O explain the various Appellations of the 

Sphere of the World, and other Terms uſed 
in Aſtronomy, depending upon the different Inching 
tions of the Horizon to the Equator. 

Since according to the diverſity of Places upon 
the Earth, the Horizon, and conſequently the 
Face of the Heavens, ( that is, the Sphere of the 
World,) is different ; Aſtronomers make this 
Diverſity Threefold, according to the Three dif- 
ferent Kinds of Poſition of the Horizon to the 
Equator. For either the Horizon of the Place 
is right to the Equator, cutting it at right An- 
gles, or it is oblique, or elſe does not cut it at 
all, but coincides with it. Such as have the firſt 
Poſition of the Sphere, are ſaid to inhabit a Right 
Sphere ; ſuch as have the Second, an Oblique; 
and fuch as have the Third, a Parallel Sphere, 
becauſe every Star ſeems to deſcribe a Circle, pa- 
rallel to the Horizon in its Diurnal Motion. 


> In 


| 2 ; 
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In a right Sphere, (viz. where the Equator 
E & is erect or perpendicular to the Horizon 
H O, as in the 1ſt Figure, ) the Equator (by 
Prop. 15. B. 1. Theodoſins ) will paſs through the 
Poles of the Horizon, the Zenith, and Nadir; 
the Place therefore it ſelf, on the Surface of the 
Earth, will be in the Terreſtrial Equator ; for 
ſuch only have the Zenith and Nadir, in the Ce- 
leſtial Equator ; all ſuch therefore, inhabit a 
Right Sphere, and only ſuch as dwell upon the 
Terreſtrial Equator. Their Horizon paſſes thro' 
the Poles of the World A and B (by the above- 
cited Propoſition of Theodeſins) and every Point 
in the Heavens will ſeem to aſcend aright or per- 
pendicularly above the Horizon ; becauſe it de- 
{cribes a Circle parallel to the Equator, ( which 
is right or perpendicular to the Horizon, ) in its 


. apparent Diurnal Motion. And the Points, that 


ariſe together, come to the Meridian alſo toge- 
ther, and ſet together ; becauſe the Poles, about 
which the Diurnal Motion is performed , by 
which the Stars ſeem to ariſe, come to the Meri- 
dian, and ſet, are as well in the Horizon, as in 
the Meridian of this Sphere. And from this Si- 
tuation of the Sphere, the way of reducing the 
Points of the Heavens to the Equator, derives 
its Original. That is, the Right Aſcenſion of 
any Point in the Heavens is an Arc of the Equa- 
tor, reckoned towards the Eaſt, intercepted be- 
tween the beginning of Aries, and the Point of 
the Equator that riſes, together with the ſaid 


Point in the Heavens, in a Right Sphere: After 


the ſame Manner we are to underſtand what the 
Right Deſcenſion is: And inſtead of the Horizon 
of a Right Sphere, the Meridian of any Place 
may be aſſumed. Now, becauſe the Inhabi- 
tants of the 'Terreſtrial Equator have only a Right 
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Sphere, what the Affections of this Sphere are, 
is evident from what has been ſaid above; (e- 
ſpecially in Prop. 33. B. 1.) namely, that the 
Nights are always equal to the Days, and every 
Point of the Heavens is as long above as below 
the Horizon. WE | 

In an Oblique Sphere, where the Horizon HO 
(Fig. 2.) cuts the Equator E & at oblique An- 

les; neither of them paſſes through the Poles 
of the other, and therefore one Pole of the E- 
quator or World is above the Horizon, and the 
other below it ; the former therefore is always 
viſible, but the latter always inviſible : Nor will 
the Equator paſs through the Vertex Z, but the 
Vertex will lie between the Equator and the viſi- 
ble Pole. There are Two kinds of this Sphere; 
for either the North Pole B is elevated above 
the Horizon HO, and the South lies unſeen; or 
on the contrary, the South Pole is elevated, and 
the North depreſſed. All ſuch as live between 
the Terreſtrial Equator and the Artic Pole, have 
the Sphere of the former Kind, and ſuch as live 
between the Equator and Antarctic Pole have the 
latter. The chief Phænomena of both of them, 


as to Summer and Winter, may be ſeen, already 


explained, in Prop. 33. B. 1. according to the 
true Syſtem of the World. And in the apparent 
Syſtem, ſince each Point in the Heavens, by its 
equable Diurnal Motion deſcribes either the E- 
quator or a Parallel to it ; and only the Equator, 
but not one of the Parallels is divided into TW O 
equal Parts, by an oblique Horizon ; the Sun, 
and all the Stars, that decline towards the viſible 
Pole, continue longer above the Horizon than 
below ; and-on the contrary, ſuch as decline to- 
wards the inviſible Pole, continue hid longer be- 
low the Horizon, than they appear above the 
Horizon. ESE | 

; And 
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And this holds to a certain Limit towards both 
Poles. For if the Declination be increaſed, til 


the diſtance of the Star from the viſible Pole, is 


lefs than the Elevation of the Pole above the Ho- 
rizon, the Star does not ſet at all: But if its Di- 
ſtance from the inviſible Pole be leſs, it will not 
aſcend above the Horizon ; that is, it will not 


_ ariſe at all. And the Parallels O, HI, bound- 


ing the always viſible and the inviſible Stars in a 
iven Place, and touching the Horizon, are cal- 


Ted, by ſome of the Ancients, (as Euclid in his 
. Phenomena, and Manilins in his Aſtronomy ) the 


Polar Circles of that Place, which are therefore 
greater and more remote from the Celeſtial Pole, 
according as the Place, whoſe Polars they are, is 
farther off from the Terreſtrial Equator ; that is, 
as the Sphere is more oblique. All the Stars that 
lie between theſe Polars, have the Viciſſitudes of 
Riſing and Setting, Aſcenſion and Deſcenſion. 
The Oblique Aſcenſion of a Star or any Celeſtial 
Point, is an Arc of the Equator, reckoned to- 


wards the Eaſt, intercepted between the begin- 


ning of Aries, and that Point of the Equator 
that riſes together with the Star, in a given 
oblique Sphere: And this is various according to 
the Variety of obliquity of the Sphere. And the 


Aſcenſional Difference is the Difference betwixt 


the right and oblique Aſcenſion. And the ſame 
Things are to be underſtood concerning the 
Oblique Deſcenſion. | | | 
In a Parallel Sphere, where the Horizon HO, 
U Fig. 3. | coincides with the Equator B Q, and 
makes one of the Parallels of the Diurnal Mo- 
tion, their Poles alſo ( namely, the Zenith and 
Pole of the World) will coincide; and there- 
fore this Poſition of the Sphere. agrees only 
with the Inhabitants of the Two Poles of the 
Earth; and all the Celeſtial Bodies or Points, 
e | that 
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that deſcribe Circles parallel to the Equator by 


the diurnal Motion, will likewiſe deſcribe Cirs 
cles parallel to the Horizon. Upon this account, 
there will be no riſing or ſetting at all by the di- 
urnal Motion, and therefore no Aſcenſion or De- 
ſcenſion in this Sphere, nor any Meridian, ſince 
it paſſes thro* the Pole and Vertex of the Place; 
and ſince theſe two coincide in this Sphere, they 
can't determine the Circle, every Vertical Circle 
having an equal right to claim the Name of a 
Meridian. The Phenomena of the Sun ariſing 


from the Annual Motion of the Earth, viſible 
in a parallel Sphere, are explained in Prop. 33. B. 1. 


namely, ſuch as agree to the Inhabitants of either 
Pole. In the apparent Syſtem 'tis evident, that 
the Sun, during its declining from the Equator 
towards that Pole which is in the Zenith, is al- 
ways ſeen, and makes the Day half a Year long ; 
as on the contrary *tis half a Year Night, while 
the Sun declines towards the other part of the 
Equator, and conſequently of the Horizon ; and 
that the beginning of the Day and Night falls up- 


on the Sun's Ingreſs into the Equinoctial Points. 


PRxoPOSITION VII. 
"T1 H E Latitude of a Place is an Arc ſimilar to 
the Arc of the Elevation of the Pole ahovs 


the Horizon. 


Let a eh | Fig. 4.] be the Earth, T its Cen- 
ter, a and b the Poles, and eꝗ the Equator. Let any 
Place as /, be taken on the Surface, whoſe Lati- 
tude is Ile, an Arc of the Meridian iritercepted 
between it and the Equator. Lęt there be a con- 
centrick Celeſtial Sphere, whoſe Poles, Equator 
and Meridian, are B, A, EQ, and BEA an- 
ſwer to the Poles, Equator and Meridian of the 
ith, and N the Nadir ot the 


Earth. Let Z be the Zen 


2 


Place 


| 
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Place /; viz. the Interect ion of the Right line T7 
produced, and the Superficies of the Celeſtial Sphere. 
Therefore the great Circle HO, in the Sphere, 
deſcribed from the Poles Z and N, is the Hori- 
zon of the Place; and the Arc of the Meridian 
OB, is the height of the viſible Pole B above the 
Horizon; and this, I ſay, is ſimilar to the Arc 
Je, namely, to the Latitude of the Place. For, 
ſince A and B are the Poles of the Circle E 9, 
the Angle BE is a right one (by Prop. 10. 
B. 1. of Theod. Sb 2r.) and for the ſame Reaſon, 
the Angle ZTO isa rightone. If therefore from the 
equal Angles EZB, ZTO, you take the com- 
mon Angles Z T B, the remaining Angles ETZ, 
BTO, will be equal. And therefore (by Prop. 
33. Elem. 6.) the Arcs el, BO, they ſtand up- 
on at the Center, are ſimilar. | 


ProPposITIoON VIII. 


# 4 O explain the Cauſes of the Crepuſculum or 
Twilight, and to define its Limits. 

The Twilight is that dubious Light, which 
appears before the Sun riſes and after the Sun 
ſets. If there was no Atmoſphere about the 
Earth, nor any brightneſs from the Aura Athe- 
rea that is near. the Sun, ſo ſoon as by the diur- 
nal Motion of the Earth any Place upon its Sur- 
face comes within the ſhadow of the Earth, or fo 
ſoon as the Sun deſcends below the Horizon of 
that Place, there would be nothing but mere 
Darkneſs ; becauſe the Spectator being forſaken 
by the Rays of the Sun, is left deſtitute of Light : 
But not only the Sun, but the Ethereal Aura 
that is ſpread about the Sun very nearly to it 
(and its inflamed Atmoſphere as it were) do al- 
ſo ſhine and give ſome light: Now, this ſpend- 

5 ing 


1 
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ing more time than the Sun does in riſing or 


ſetting, before the Sun riſes the Aurora ſhines 
out in a manifeſtly Circular figure, riſing into 
the brightneſs of the ſame Figure as that of the 
Segment of the Circle of the Atmoſphere of the 
Sun, that is already riſen, and entirely different 
from that which proceeds from the illumination 
of the Atmoſphere of the Earth, made by the 
sun: Which is to be underſtood in like manner 


concerning the Twilight after Sun-ſet. Becauſe 


this Matter by reaſon of the nearneſs of the Sun, 
ſhines ſometimes more, ſometimes leſs, the boun- 
daries of the Twilight which ariſes from thence, 
are not ſo certain, eſpecially when it acts in 
conjunction with another more powerful cauſe of 
this dubious Light. For after an Inhabitant of 


the Earth ſtanding upon its ſurface, is revolved 
into the ſhadow of the Earth, beyond the Bounds 
of Light, the Atmoſphere that ſurrounds the Earth 


and is expanded to a conſiderable diſtance above the 
Earth, is ſtill enlighten'd, and does with its re- 
flected Rays alſo enlighten the Place where the 
Obſerver ſtands. This Cauſe is often various, ac- 
cording as more or fewer Particles fit for reflect- 
ing or other ways conveying the Rays of the Sun 
to us, are found ſuſpended in the Air; and ac- 
cording as theſe Particles get up to a greater or 
leſs height ; and this depends upon the gravity 
of the Air, (it being the Fluid in which they 
ſwim, ) as is ſnewn by the Barometer. For if they 


hang low and very near the Surface of the Earth, 
even theſe alſo ſoon ceaſe to receive any of the 


Rays of Light, being revolved preſently after= 
wards, together with the Place over which they 
hang, into the Earth's ſhadow. If they are ei- 


ther very rare as they float in the expanded 


ſpace, or unfit to refle& the Light, they will 
Q 2 return 


228 The ELEMENTS Book II. 


return to us either ſuch a Light from the Sun as 


1 is nothing to ſpeak of, or at leaſt ſo weak and tha 
4 thin as not being capable of affecting our Sight, ſide 
1 as we really experience in all the expanded ſpace ſon 
i that lies without the Earth's ſhadow ; for tho? it bou 
= lies perpetually open to the Sun's Rays, yet it afte 
' ] ſends back to us ſo weak and faint a Light, that Sig 
1 it ſcarce deſerves that name. 8 De. 
* Tho' the duration of the Twilight depending Wh. 
upon both theſe cauſes is various, yet 'tis cer- ſelf 

tain, that the beginning of the Morning 'Twi- ſtre 

light happens generally about the time that the tim 

Sun is not above 18 Degrees below the Horizon; eitl 

and that the Evening Twilight ends about the the 

-Jame time, or when the Sun is got to the like An 

degree of depreſſion below the Horizon. Tycho 21 

would have this depreſſion of the Sun that bounds thi: 

the Twilight to be 16 Degrees: Others extend wit 

it to 19; that is, till the leaſt Fix'd Stars be- tic 

come viſible. Caſſini from his own Obſervations, low 

extends it only to 17 Degrees, Recciolus finds DUI 

by his Obſervations, that *tis not the ſame in the Th 

Morning as it is in the Evening, and that it. is Mi 

different in different Seaſons of the Year. oy 

| els 

; SCAHOLLIU A ſins 
There is a Light that ſeems very near a-kin the 

to the Twilight, which was firſt obſerved by Ob 

the quick-f1ghted Mr. Caſſiui, in the Year 1683 ; Sig 

a little before the Vernal Equinox, in the Even- ma 

ing, and extended along the Ecliptic from the cle 

Sun towards the Eaſt. The Obſervations made rer 

afterwards by Mr. Caſſini and Fatio, evince, 2 

that this Light is diffuled trom both ſides of the fan 

Sun almoſt along the Ecliptic, but ordinarily de- _ 

Aects a little from it towards the North rather — 

| u 
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than the South. Its form is pointed on both 


ſides; its two Points being ſometimes more, 
ſometimes leſs diſtant from the Sun, at firſt a- 
bout two Signs or a little more; but three Vears 
after, its diſtance from the Sun increaſed to three 


Signs or 100 Degrees : Its breadth is above 30 


Deg. near the Horizon. But it can't be ſeen 
where it is broadeſt ; namely, juſt at the Sun it 
ſelf, along the Circle of its breadth. Its ſides are 
ſtreight, bating its being gibbous a little ſome- 
times about the middle, between the Sun and 


either Point; and they are inclin'd to one ano- 


ther, ſometimes at a greater and ſometimes at a leſs 


Angle. This Angle in its mean bigneſs is about 


21 Degrees. From the whole, it is evident, that 
this Luminous Phenomenon moves together 
with the Sun, juſt as that does, thro? the Eclip- 
e of both the Points, al- 
lowing for their greater or leſs diſtance from the 
Sun during the Ancreaſe or decreaſe of rhe whole. 
The. brightneſs of it is much like that of the 
Milky Way, or the Tail of a Comet, and is pel- 
lucid like the latter; *tis greater in the middle, 
leſs towards the extremes, and ſenſibly decrea- 
ſing, till it vaniſhes in the ſurrounding Blue of 
the Heavens: From hence it appears to different 
Obſervers, according to the ſharpneſs'of their 
Sight, at the fame Time and Place, of a different 
magnitude ; and according as the Heavens are 
clear or cloudy, and the true Twilight and brigh- 
ter Stars are preſent or abſent, it is more or leſs 


extended and variouſly terminated, and appears 


fainter always in the Morning than in the Even- 
ing. This light, by reaſon of the Twilight laſt- 
ing all Niglit long, can't be ſeen in the midſt of 
Summer in the Regions about either Pole; but in 
the Morning and Evening of the fame Day 

| Q 3 EE, 
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it may be ſeen about the middle of Winter (if 


the Moon be away.) In places near the Equator 


it may be ſeen at any time of the Year. And in 
any place it is brighter, the more erect it is, in 
regard of the Horizon ; becauſe it is then more 
out of the Twilight and Vapours that hang about 
the Horizon-: And therefore it is beſt ſeen in 
theſe Northern Regions in the Morning after the 
Vernal Equinox, in the beginning of October; 
and in the Evening, at the end of February ; the 
Ecliptic along which it is ſpread, being then 
more erect in regard of the Horizon, (in the 
beginning and end of the Twilight, which is 
then ſhorteſt) the Equinoctial Points being at 

that time in the Horizon. | 
The Body (or rather collection of Corpuſcles) 
whoſe appearances theſe are, ſeems to ſurround 
the Body of the Sun in the form of a Lens ; as 
Mr. Fatio conjectures. A Plane thro? the edge 
of the Lens is in the Plane of the Ecliptic, or 
at leaſt not far from it: The Edge it ſelf is be- 
tween the Orbits of Venus and the Earth, but 
nearer to the latter. The Particles which fill up 
this lentiform ſpace (like the Particles of the 
Sun's Atmoſphere, of which we ſpoke but juſt 
now) ſeem. to produce the abovemention'd ap- 

pearance, by reflecting the light .of the Sun. 
For a Ring whoſe oppoſite Faces are plane 
and parallel, would appear in the form of an 
Ellipſe, more obtuſe towards the Points than 
this Phenomenon. Mr. Caſſini takes theſe Par- 
ticles reflecting the Sun's Light, contained in this 
ſpace, for an infinite number of Planets, ſince 
being ſeparated, they would, like the Planets, 
exert their Motions about the Sun; ſo that this 
Morning and Evening light owes its original to 
innumerable Planets, juſt as the Milky Way does 
to innumerable Fix'd Stars. 

Mr. 
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Mr. Fatio ſuſpects that this light is coeval with 


the World: Caſſini on the contrary, that it was 
roduced a little before the firſt Obſervation he 
had made of it, and that it was not in being 


two Years before, ſince he had often viewed a Co- 


met very intenſely with his Eyes, in the ſame 


place as this Phænomenon ought to poſſeſs. 


That it has appear'd formerly, and afterwards 
diſappeared, he thinks is very probable from 
ſome ancient Hiſtories that ſeem to give a de- 


ſcription of it; but eſpecially from the Obſer- 


vation of Mr. 7. Childrey, who no doubt ſaw 
it, as is evident from his deſcription, pag. 183, 
184. in the Advertiſement at the end of a Book, 
publiſhed Anno 1661. intitled Britannia Baconica ; 
becauſe it appears even now in the ſame place, 
and near the ſame Conſtellations, as it did at 
that time of the Year. His Words are theſe : 
There is ſomething more, that we would recommend 
to the Obſervation of the Mathematicians ; namely, 
that in the Month of February, and a little before 
and after it (as I have obſerved for ſeveral Tears) 
about fix a Clock in the Evening, when the Twi- 
light has entirely left the Horizon, a Path of Light 
tending from the Twilight towards the Pleiades, 
and touching them as it were, preſented it ſelf very 


_ plainly to my Sight. This Path is to be ſeen when- 


ever the weather is clear; but beſt of all in a 
Night when the Moon does not ſhine. And a little 
after : I am apt to believe that this Phenomenon 
has been formerly, and will hereafter appear always 
at that above-mentioned time of the Tear. But the 
Cauſe and Nature of it, I can't ſo much as gueſs at; 


and therefore leave it to the enquiry of Poſte- 


rity. 
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Px 0P0SLTLONALK i | 
oO explain what is meant by the Poetic Riſing 
+ Þ and Setting of the Stars, and the kinds there- 
of ; viz. the Goſmical, Achronical and Heliacal. 
In the foregoing Propoſitions we have treated 
of the true Riſing and Setting of the Stars; name- 
ly of their aſcent above the Horizon of a cer- 
tain Place, and deſcent below it, or rather of 
a depreſſion of a given Horizon below a Star, 
and eleyation of the ſame above it ; and that 
without any conſideration of the Sun. But now 
the Riſing and Setting of the Stars are to be com- 
pared with the motion of the Sun along the 
Ecliptic, and conſequently with the Day-light 
and Seaſons of the Year. For the ancient Huſ- 


bandmen, and from their traditions the Writers 


of Husbandry, as allo Fhyſicians, Poets and Hi- 
ſtorians, have made uſe of theſe Marks to expreſs 
the Seaſons of the Year by, and conſequently 


none of them can be underſtood without an ex- 


plication of theſe Terms. 


There are uſualiy reckoned three kinds of the 


Poetic riſing and ſetting of a Star, The Coſini- 
cal, Achronical and Heliacal. A Star is ſaid to riſe 
Coſmitally5 when it riſes together with the Sun, 
but to ſet Coſmically, when it ſets when the 
Sun riſes ; ſo that the Coſmical riſing and ſet- 
ting is all one with the Morning riſing or ſet- 
ting, as if the beginning of the Artificial Day, 
or the Riling of the Sun, were the ſame with 
that of the World. A Star is ſaid to riſe or ſet 
Achrontcally, that riſes or ſets when the Sun ſets ; 
and contequently the Achronical riſing or ſetting 
is all one with the Evening Riſing or Setting : 


Kepler maintains that theſe words are to be ta- 
ken in another ſenſe ; namely, ſo as that to riſe 


and ſet Coſmically, fignifies the ſame as to aſcend 
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above or deſcend below the Horizon; but that to 
riſe or ſet Achronically, is the fame as to riſe or ſet 
in oppoſition to the Sun, or in the other Achron 
or extreme of the Night: In which ſenſe Prole- 
, and to this Day moſt Aſtronomers ſay, a Pla- 
net is Achronical, when it is oppoſite to the Sun 
and bright all the Night : So that to rife Achroni- 
cally is, as uſual, the ſame as to riſe. when the 
Sun is ſetting; but to ſet Achronically, is to ſet 
when the Sun is rifing ; which is commonly called 
the Coſmical ſetting. 15:0 1717 
A Star riſes Heliacally, when it before lay hid 
under the Rays of the Sun, ſo as that it did riſe 
and ſet together with the Sun, but now gets ſo 
much out of the Rays of the Sun, as when the Sun 
is below the Horizon the Star becomes viſible, 
being to ſet ſoon after under the Horizon, or to 
diſappear by the ſupervention of the Daylight. 
That Star is ſaid to ſet Helracally, which was 
lately ſeen above the Horizon when the Sun was 
not much below the Horizon, but now has hid 
itſelf ſo much among the Rays of the Sun, that the 
next Day being riſen above the Horizon, or juſt 
ſetting below it, it can no more be ſeen. If there 
were no Twilight, this Heliacal riſing and ſetting 
of the ſame Star (or rather Apparition and Oc- 
cultation,) would not be above one Day diſtant 
from one another at moſt, For in that caſe a a 
Star would be ſeen either before Sun-riſe, if its 
Oblique Aſcenſion in a given Horizon were never 
ſo little leſs than that of the Sun, or it would be 
viſible after Sun-ſet, if but never ſo little greater. 
Nay, if there were no Atmoſphere at all, the 
ſmalleſt Stars would be viſible even in the Day+ 
time when the Sun fhines. For the reaſon why 


they don't appear is this; The particles of the 


Atmoſphere enlightened ſtrongly: by the Sun, 


affect the Eye of the Spectator with ſo vivid a 
| light, 
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light, that the Retina (or whatever it be that is 
the Senſorium of Sight) is ſcarce moved by the 
very weak image of the Star, and conſequently 
can't take notice of it or ſee it. But if there were 
no Atmoſphere ſpread about the Earth, nor any 
ſurrounding 'Terreſtrial Bodies that reflect Light; 
if the direct Rays of the Sun were turn'd off from 
the Eye, the Eye thus free from the Rays of 2 
Body either very bright in itſelf, or ſtrongly en- 
lightened, would ſee clearly (as it does now in 
the Night) even the ſmalleſt Stars, unleſs they 
are hid under the Atmoſphere of the Sun: For 
this, together with the Body of the Sun, make 
up one lucid Body. Since proportionable to the 
lefſer brightneſs of a Star, there is need of a 
greater depreſſion of the Sun below the Horizon, 
to make it viſible ; 'tis evident that the Heliacal 
ſetting of the Sun is ſooner, and the riſing later. 
That the leaſt Stars may be ſeen, the Twilight 
muſt be quire over, or the Sun muſt be full 18 
Deg. below the Horizon : For the ſeeing of a 
Star of the ſixth Magnitude, the Sun muſt be 179; 
and ſoon, *till you come to the Stars of the firſt 
| Magnitude, which are to be ſeen in that part of 
the Horizon, being towards the Sun, when the 
Sun is 122. The Planets ſhine with a brighter and 
fuller light, and therefore have no need of fo 
= a depreſſion of the Sun below the Horizon, 
o that 11 Degrees are enough for the ſeeing of 
Mars and Saturn ; about 10 for Jupiter-and Mer- 
cury ; and 5 Deg. are commonly look'd upon as 
neceſſary for Venus, tho? it has been frequently 
ſeen while the Sun ſhone, and not at an Heliaca 
riſing or ſetting. But theſe things in the Planets 
depend upon their various diſtance from the Earth, 
and the more or leſs fulneſs of the Bodies of the 
inferior Planets. 
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All the Fix'd Stars under the Zodiac, alſo the 
ſuperior Planets, Saturn, Jupiter and Mars, the 
Sun in its Annual Motion towards the Eaſt get- 
ting before them, riſe Heliacally in the Morn- 
ing, a little before Sun-riſe ; that is, a few 
Days after their Coſmical riſing : 'They ſet He- 
liacally in the Evening; namely, a little before 
their Achronical ſetting. But the Moon, which 
always gets before the Sun, riſes Heliacally in the 
Evening; when it's very old and haſtens to a Con- 
The inferior Planets Ve- 
nus and Mars, ſometimes getting before the Sun, 
and at other times being left behind him, (as has 
been ſhewn at large in B. 1.) ſometimes riſe He- 
liacally in the Morning, namely, when they are 
Retrograde ; ſometimes in- the Evening, when 
they are Direct; which is to be underſtood in 
like manner of the Heliacal ſetting of them. . But 
the Fix d Stars, plac'd a great way from the Zo- 
diac towards the elevated Pole, may in the ſame 
Day both riſe and ſet Heliacally together, and un- 
dernde other changes in regard of this kind of riſing 
or ſetting; as will appear to any Perſon that ſhall 
conſider it. 

The Grecians and Romans anciently uſed a Year 
not exactly fitted to the motion of the Sun ; and 
by that means ſometimes they were before the 
Sun, and ſometimes behind him. But the Sea- 
ſons of the Year not returning with their errone- 
ous Calendar, but with the Sun and the Solſtices; 
that their Country, Domeſtic, or Military Affairs 
might be diſpatched in their proper Seaſons, the 
Ancients propoſed the riſing and ſetting of the 
Stars inſtead of a Calendar. For the Fix'd Stars 
moving from the Equinoctial Points but very 
flowly, and by a motion not then taken notice of, 
they made no queſtion, but that the Sun return- 
ing to the ſame place in reſpect of the fame Fix d 

i Star, 


Star, did alike come again to the ſame Station 
in reſpect of the Equinoxes or Solſtices; that is 
when the ſame Star riſes or lets Coſmically, A. 
chronically, or Heliacally, (which they Chiefly 
regarded, ) that the ſame Seaſon of the Year wy 
reſtored to the Globe, and conſequently that the 
ſame labours or affairs were to be returned to; 
from hence they called the ſtated Seaſons of the 
Years Sydera, or the Stars. But it is found that 
the Fixed Stars, after a long ſeries. of Years, re. 
-move out of their places; and therefore, if the 
Day of the riſing or ſetting of the Fix'd Star given 
among the Ancients is to be reduced to our Ca. 
lendar, an account is to be taken of the motion of 
the Fix d Stars in the intermediate time. And 
now-a-days Calendars may eaſily be had, and the 
Roman Calendar (which we ufe,) comes nearer 
to the. Motion of the Sun, upon which the Seaſons 
of the Years depend and are ordered, than the fi. 
ſing and ſetting of the Fix'd Stars ; the obſerving 
their riſing and ſetting came to be neglected by 
degrees, and is not uſed by any but the Poets, 
who are wont to deſcribe and paint out as it were 
the ſeveral Seaſons by the circumſtances of the 
various riſing and ſetting of ſo many Stars, than 
which nothing is more beautiful and affecting; 
tho” it be generally done by them very errone- 
ouſly, becauſe they deſcribe at this time the Day 
of our-Calendar by that riſing of the ſame Star by 
which it would have been juſtly deſcribed in the 
time of Cæſar; whereas the difference between 
theſe two times is nearly 14 Days. 
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Lear wa Of the Diviſion of Time, and ſeveral other 
that the things depending thereon. 

ned to; = | | 

of the | PROPOSITION £. 

and that O explain the Diviſion of Time into Hours, 
ATS, re. T Days, and Weeks, and the Terms uſed in 
„if the BW 4pronomy depending thereon. | 

ar given We have thus far been explaining the genera- 
our Ca. tion of the Circles of the Sphere in the apparent 
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otion of Wl Syſtem of the World, and the more uſual 'Terms ' 


2. And in Aſtronomy depending thereon : But ſeeing 


and the there are no terms in Aſtronomy that occur ot- 
s nearer Wl tener than thoſe whereby Time or any ſpace of 
> Seaſons WW it is expreſſed ; *tis neceſſary to treat a little con- 
the ri- Wi cerning them, and to ſhew, by the way, the 
bſerving Civil diſpoſition of Time, ſo far as it is uſed in an 
ted by WM Aſtronomical Calculation. | ; 
e Poets, The moſt conſiderable parts of Time are, a 
it were Day, an Hour, Month and Tear. The firſt of 
of the Wi them is a Day, (becauſe a ſpace of Time moſt ob- 
rs, than WW vious and known by us ;) and it is either Natural 
ecting ; or Artificial. A Natural Day is the duration of 


errone- Wl an entire apparent revolution of the Sun about the 
he Day Wi Earth. An Artificial Day is that part of the Na- 
Star by WW tural, during which the Sun is above the Horizon; 
in the and it is oppoſed to the Night, which is taken 
between for the Sun's continuance below the ſame: But 
the Natural Day takes in both. The Natural Day 
is either the Aſtronomical or Civil ; and they 
differ from one another only as to their begin- 
ning, according to the cuſtom of the Feople, and 
ſettlement of Aſtronomers, The Aſtronomical 
Day is the ſpace of time which flows e 
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the Sun's leaving a given Celeſtial Meridian, 
and next return to the ſame; that is, the ſpace 
wherein a revolution of the whole Celeſtial Equs. 

tor is performed, and of that part of it beſide 
 whichanſwers to a portion of the Ecliptic, which 
the Sun deſcribes in the mean while by its An. 
nual motion towards the Eaſt. Becauſe this 
portion of the Equator to be added to the entire 
Equator is not every where equal, (tho' its mean 
Quantity is nearly that of one Degree,) »y 
well on the account of the Obliquity of the 
Ecliptic, as that the apparent Annual motion of 
the Sun about the Earth is not equable, the Na. 
tural or Aſtronomical Days are not preciſely 
equal: But of this inequality of the Natural Days, 
J ſhall treat in its proper place afterwards 
taking no notice at preſent of this Hicety. Moſt 
Aſtronomers begin the Day at Noon : But G- 
pernicus following Hipparchus begins it at Night, 
and this beginning is retained in the Prutenic 
Tables. Differing Nations make different be- 
ginnings of the Day. The Babylonians begin 
their Day with the riſing of the Sun; The Jem 
and Athenians with the ſetting of the Sun, as the 
1talians do ſtill. The Egyptians at Midnight 
which is the cuſtom of the Britains, French, 
Germans, and ſeveral other European Nations. 
And anciently the ſame was done by the Tews, 
For we naturally refer the Night, which we ſpend 
in ſleep and filence, partly to the preceding, 
and partly to the following Day ; that is, we 
begin the Nvuxweegr at Midnight. The Uniri 
anciently made the Noon to be the beginning of 
their Day, and this the Arabians obſerve at this 
time. 

Tho* the Artificial Day was. hardly divi- 
ded anciently any other ways than into the 
Morning and the Evening, and the Night into 

Watches 
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Watches; yet afterwards the Natural Day was 

divided more accurately into 24 parts, called 
Hours. Hours are either equal or unequal. An 
Equal Hour is the four and twentieth part of a 
Natural Day. This ſort of Hour was always 
uſed by Aſtronomers, and is now in uſe among 
almoſt all Nations. The Jtalians reckon the 
Hours from One to Four and Twenty, from 
the beginning of the Night; (that being the 
beginning of the Natural Day,) and their Clocks 
are made after that manner. But We, the 
French, Gc. reckon not 24, but twice 12 Hours; 
perhaps that the number of the Strokes ſtruck by 
the Clock might not be tedious. So that we di- 
vide the Day into the Hours before Noon, and 
the Hours after Noon. An Hour is commonly 
divided = into four Quarters (which are called 
Points by ſome,) a more minute Diviſion being 
in moſt Buſineſſes unneceſſary : But the Aſtros 
nomers (and now all the Politer ſort of Peo- 
ple) ſubdivide it into 60 Minutes, and each 
Minute into 60 Seconds. An unequal Hour is 
the twelfth part of an Artificial Day, as alſo the 
twelfth part of the Night. *Tis call'd Tempo- 


Times or Seaſons of the Year : Thus the Sum- 


mer Diurnal Hour is longer than the Winter, 


and the Nocturnal ſhorter ; and the Diurnal 
Hour in Summer is longer than the Nocturnal, 
and in Winter ſhorter : At the time of either 
Equinox, the Diurnal Hours are equal to the 
Nocturnal, and then theſe unequal Hours be- 
come the ſame with the equal ones deſcribed a- 
bove ; upon which account theſe equal Hours are 
called by Authors Equinoctial Hours. The eus, 
Grectans, and Romans made uſe of theſe Tempo- 
rary Hours. Such as begin the Civil Day, at 


the Morning or Eyening, do it becauſe the Sun 
| 19 


rary, becauſe of a various length in different 
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is then in the Horizon, the moſt ſenſible of a 
the Circles of the Sphere. They have this ad- 
vantage, that by the number of their equal 
Hours they know how much of the natural 
Day, that is, how much time is gone ſince Sun 
roſe ; but they have this diſadvantage, that the 
times of the Sun-ſet, Noon and Midnight, in 
different Seaſons of the Year, are marked with 
different numbers of the Hours, and they can't 
be known but by Calculation: They likewiſe 
have this advantage, they immediately knoy 
how much time remains till Sun-ſet, and { 
know how to accommodate their Labours or 
Travel to it; and this diſadvantage again, that 
they can't reckon the Hour of Sun-riſe, Noon, 
or Midnight, without computing. Such as be- 
gin the Civil Day from Noon or Midnight, do 
it, becauſe the Sun is then at his greateſt Ele- 
vation or Depreſſion ; but the name of the Hour 


of Sun riſe or Sun ſet, they get only by Com- 


puting. Laſtly, ſuch as ſhou'd uſe the unequi 
Hours, juſt now deſcribed, could always tel 
Sun riſe or Sun ſet by the twelfth Hour ; Noon 
and Midnight always by their ſixth Hour; but 
could know the Quantity of the Hour only by 
Calculation. 

A Week is the moſt ancient Collection of Days 
that ever was; as is evident from the Sacred Wr 
tings. The 7ews uſed this Collection of old, and 
ſince the reception of Chriſtianity, other Na- 
tions too: Every Day thereof has a name given 
to it from ſome of the Planets, after the following 
manner: 'The Hours of the natural Day are 
four and twenty, the Planets but ſeven, and in 
this order in the common Syſtem, Saturn, Ju- 
piter, Mars, Sol, Venus, Mercury, the Moon ; 
they began at the firſt Day of the Zewiſh Week, 


aſcribing to the Sun (the Author of the Day) 
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the firſt Hour of it, to Venus the ſecond, to 
Mercury the third, to the Moon the fourth; 
then beginning from Saturn, they aſſign'd the 
fifth Hour to him, and ſo on; by this means the 
firſt Hour of the following Day happens to the 


Moon, and ſhe therefore beſtows a name upon 


that Day of the Week from her own; which 
method is continued in the following Days to the 
end of the Week. 


pP orostfTTON Kl. : 
O explain the diviſion of Time into Months, 
| Tears, and the various ſorts and collettions 


of them. | 


Tho' a Month be properly that ſpace of time 
wherein the Moon goes thro* the Zodiac ; yer 
ſince there are about twelve Months that paſs 
while the Sun runs once thro' the Ecliptic, 
that ſpace of time alſo wherein the Sun runs 
thro' one Sign of the Zodiac, is call'd a Solar 
Month; which is about 305 Days. Again, the 
Lunar Month is either Periodic, in which the 
Moon having departed from any Point of the 
Zodiac returns to it again, and is ſomething 
leſs than 27 Days ; or Synodic, which is ſome- 
thing more than 297 Days, wherein the Moon 
runs thro? all its ſeveral Phaſes, and on that ac- - 
count is of principal uſe in the marking of 
Time. Both the Solar and Synodic . Lunar 
Month, is either Aſtronomical (of which we 
have ſpoken already) or Civil, according to the 


different cuſtom and inſtitution of each Na- 


tion. For ſome, as the Egyptians, like the So- 
lar Months, and made each. of them to conſiſt 
of 30 Days; and to compleat the Year, at the 


end of twelve ſuch Months they annexed. five 
Days, made up of thoſe twelve times ten Hours, 


that each Solar Month exceeds 30 Days by. 
N R But 
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But moſt of the Ancients fancied the Synodic Lu- thai 


nar Month moſt, ſuch as the Fews anciently, the was 
Grecians and Romans, to Fulius Cæſar's time; and Yes 
the Mahometans at this time. But that theſe ſort nea: 
of Lunar Months, that do not conſiſt of whole real 
Days, might be fitted to Civil uſe (where pieces T 


of Days can't be taken notice of, and conſidered,) 
they made their Civil Months alternately of 30 
and 29 Days, (calling the former Ful, and this Cave 
or Hollow Month ;) fo that two ſuch Months are 
equal to two Lunar Months of 297 Days a- piece; 
and the New Moon would not ſenſibly remove 
from the firſt Day of the Civil Month in the 
courſe of ſome Years. LM 
A Year is ſometimes taken for the time of the 
revolution of a Planet through the Zodiac; in 
which ſenſe a Month is ſometimes called 2 
Year : and ſometimes for the time of an entire 
apparent revolution of the Fix'd Stars thro? the 
Zodiac, which they call the Annus magnus, or 
Great Near. But a Tear is properly that time 
-which the Sun takes to run thro” the Zodiac in. 
And it is of two ſorts, Aſtronomic and Civil: 
The Aftronomic Year is alſo twofold, according 
to the two different bounds of the Sun's revo- 
lution; namely, the Sydereal and Tropical. 
The Sydereal Year is the ſpace of time, that 
the Sun having departed from a Fix'd Star 
returns to the ſame in; and it is 365 Days, 6 
Hours, and 10 Minutes nearly. The Tropical 
'Year is that wherein the Sun departing from one 
of the Cardinal Points, as the Equinoctial or 
Solſtitial, returns to it again; and is ſomething 
leſs than the Sydereal, becauſe the Cardinal Points 
of the Ecliptic themſelves go backwards, and 
as it were meeting the Sun, make the Sun to re- 
turn to the ſame Point of the Ecliptic ſome- 


thing ſooner than to the ſame Fix'd Star, where 
| that 
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that Point of the Ecliptic was, when the Sun 
was before in the {aid Point. This Tropical 
Year is 365 Days, 5 Hours, 495 Minutes very 
near; and wants about 21 Minutes of the Syde- 
real Year. | 

The Civil Year is the ſpace of time, that the 
motion of the Sun or Moon, or both, points 
at, received by the ſettled Cuſtom of any Na- 


tion. Hence 'tis evident, that there are three 


forms of the. Civil Year; namely, either purely 
Lunar, or purely Solar, or Luni- Solar, which is 
made up of both. The Lunar Year conſiſts of 
twelve Lunations or Synodic Months that are 
finiſhed in 354 Days, at the end of which the 
And ſince this Year wants 
near 11 Days of the Tropical Year, that brings 
the Seaſons over again; it comes to paſs, that 


the beginning of this Year falling upon the 


Spring now, in 8 Years time would fall upon 
Winter, and after as many more upon Autumn, 
then upon Summer, and laſtly, at the end of 
33 Years return to the Spring again. And this 
is called the Wandring Lunar Tear ; becauſe its 
beginning wanders thro? all the Seaſons of the 
Yeaar, and that in the Memory of one Man. 
"Tis called alſo Anus Solutus, becauſe free and 
diſengaged from the motion of the Sun, which 
is not at all conſidered in the ordering of it. This 
fort of Year is in uſe among the Turks, and 
ſeems to be found out at firſt in thoſe Countries, 
where the differences of Summer and Winter 
are not very evident and ſenſible ; and where, 
for want of Aſtronomy, the return of the Sun 
to the Cardinal Points of the Zodiac, that de- 
fines the Solar Year, is not eaſily known : On 
which account taking the Signs of the Seaſons 
from the Moon, they took the beginnings of 
their Years from the beginnings of her Phaſes 

R 2 | or 
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or Appearances; now, there is no number of 
Lunations, that comes ſo near to the Solar Vear 
(which they had ſome ſmall knowledge of) as the 
Twelve. I am apt alſo to think, the reaſon of the 


beginning the Civil Day from the Sun ſer is to 
be taken from the Moon: Becauſe it ſeems ne- 


ceſſary for them to begin the Civil Day with their 


Year and Month, that is, with the New Moon, 
which at firſt they knew no otherwiſe than by the 
help of their Eyes; which was, when they ſaw 
the New Moon in the Evening immediately after 
Sun ſet. And upon this account, the firſt, ſe- 
cond, third, Sc. Day of the Month, was called 
the firſt, ſecond, third Moon, and the Day of the 
Full Moon was called, conſequently, the fourteenth 
Moon. 88 
Such of the Ancients as were willing to retain 
the Lunar Vear, thought it notwithſtanding pro- 
per to adapt it ſo to the Solar Vear, that its 
beginning might be in a manner fix d, and that 
it might keep the Cardinal Points of the Year 
ſhewn by the Seaſons, from receding much 
from their Months; and to this purpoſe they us'd 
Intercalary or Embolimean Months. And firſt, 
in the ſpace of three Years, they made up an en- 
tire Month to be intercalated every third Year, 
out of the eleven odd Days in every Solar Year. 
But becauſe this Artifice was not exact enough, 
in every eight Years they intercalated three 
Months, every one of which conſiſted of thirty 
Days, (namely, at the end of the third, fifth 
and eighth Year, tho* ſome others otherwiſe,) 
and at laſt eight Months in nineteen Years. 
Hence *tis evident that ſome of theſe Years are 
ſimple, namely of 354, or 335 Days, the num- 
ber that there is in the Wandring Lunar Year ; 
fome Embolimen or Intercalary, of 384. or 385 
Days, when there are 13 Lunations in . 
| cle 
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Theſe Luni-ſolar or fix'd Lunar Years, are uſed 
by the Fews and the Clergy of the Roman Com- 

munion. - 
There are three ſorts of Solar Years, or ſuch as 
are fitted to the motion of the Sun alone and the 
viciſſitudes of the Seaſons depending thereon ; 
which are the Egyptzan, 2 and Cregorian. 
The Egyptian Tear conſiſts of 365 Days, which 
they divided into twelve Months of 3o Days a- 
piece, and five other Days (called env2y/#Haw) ad- 
ded at the end of them, as was ſaid above. In 
the Conſtitution of this Year there is no regard 
had to the motion of the Moon: But becauſe 
this Year wants 5 Hours 49 Minutes, or almoſt 
'6 Hours of the Solar 'Tropical Year ; in four 
Years time it gets near a whole Day before the 
Solar Tropical one, and in 1460 Years its be- 
ginning wanders thro? all the Seaſons of the Year ; 
on which account jt may in a manner be called 
a Wandring Year, altho' in the Age of one Man, 
or ſixty Years, it does not anticipate above 15 
Days. 4 | 
ulins Ceſar finding the Egyptian Year to get 
before the Tropical, becauſe the ſix Hours, 
whereby it wants of the 'Tropical, are entirely 
neglected in its Conſtitution ; did therefore add 
thoſe ſix Hours to each Julian Year ; fo that a 
Julian Year conſiſts of 365 Days, fix Hours. 
And becauſe this piece or quarter of a Day, 
can't be conſidered or taken notice of in Civil 
uſe, he added the Day made out of them in 
four Years to every fourth Year, between the 
23d and 24th of February, (becauſe the Romans 
while they uſed the Lunar Year before Cſar's 
time, intercalated the Embolimean Month ; ) 
therefore from that time they writ big ſexxto Ka- 
lendas Martii, or the ſixth of the Kalends of Mareb 
| K43 twice; 
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twice; from which Cuſtom the Vear had the 
name of the Biſſextzle. 5 

And this Julian Year conſiſting of 365 Days, 
and adding in four Years one Day, ſo that af. 
ter three {imple Years there may follow a fourth 
of 366 Days, is the beſt fitted for Aſtronomical 
- Computations ; becauſe it is a mean between 
the Natural or Tropical Year of 365 Days, 5 
Hours and 49 Minutes, and the Sydereal Year 
of 365 Days, 6 Hours and 10 Minutes, and 
does, as it were, give an ocular Demonſtration 
of the natural regreſs of the Equinoxes. 'This 
form of the Year held common among all Po- 
lite Nations from Auguſtus (who reſtor'd it when 
it was almoſt loſt) unto the Year 1582, when 
the Julian Calendar was reformed by Gregory the 
XIIIFh. But it is ſtill in uſe among the Britains, 
Triſh, and others. Yet it muſt be confeſs'd, that 
the quantity of the Julian Year is too big, on 
which account the beginning of this Year alſo 
by little and little creeps forwards in regard of 
the Seaſons, or (which is all one) the Times 
of the Equinoxes and Solſtices creep backwards 
in regard of the Days of this Year. And ſince 
this regreſs is about 104 Minutes every Year, 
in about 133 Years it will be about a Day, 
and conſequently from the Year of Chriſt 325, 
wherein the Council of Nice was held, to the 
Year 1582, wherein the Pope reform'd the Ca- 
lendar, namely 1260 Years, this regreſs was 2 
matter of 10 Days. Hence it came to paſs, that 
whereas in the time of the Nicene Council the 
Vernal Equinox happened near about the 21ſt 
Day of March, in the Year 1582 it was found 
to have crept up to the 11th of March. That 
he might therefore bring the Equinox to its 
former place, ten Days were ſuppreſſed in the 


Month of October, in the Year 1582, and = 
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th Day was called the fifteenth ;_ by this means 
what would otherwiſe have been the 11th Day 
of the March following, and the time of the 
Equinox, becomes the 21ſt of March ; that is, 
the Equinox happens the ſame Day, 7g. the 
21ſt of March, as it did in the time ot the Council 
of Nice, which ſettled the time of keeping Ba- 
er. Still if no other Reformation ſhould be 
made, but the taking away this ten Days, the 


| Cardinal Points would again remove after the 


former manner in ſome Years time. The Pope 
therefore, to avoid this, order'd that once in 133 
Years (in which time the exceſs of a Fulian Year 
above the 'Tropical riſes to a whole Day) one 
Day ſhould be taken away from the Calendar; 
that is, that three Days ſhould be taken out of 
four hundred Years ; and this he appointed to 
be done, by making every hundredth Year of 
the Chriſtian Fra common, which, according 
to the Julian Account, is always Biſſextile ; but 
every four hundredth was to continue Bzſſextzle, 
as in the Julian. The new Form of the Year 
ſettled by the Authority of Pope Cregory XIII᷑h, 
was call'd from him the Gregorian, and is obſer- 
ved in Taly, France, Spain, . Germany, whereſo- 
ever the Authory of the Pope reaches; and in 
the cloſe of the laſt Age, was admitted, as to the 
Civil Months, by ſeveral of the Reformed in 
Germany: As for the finding the Paſchal Moon, 
they kept themſelves ſtill to Kepler's Rudolphine 
Tables, till ſomething more certain could be fix d 

upon and ſettled. | 
As the form of the Year among different 
Nations is various, ſo likewiſe is its beginning : 
The 7ews begin their Eccleſiaſtical Year with 
the New Moon of that Month, whoſe Pull 
Moon happens next after the Vernal Equinox: 
The Church of Rome begin their Year with 
R 4 the 
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the Sunday that falls upon the ſaid Full M oon, 
or that happens next after it; or with the Feaf 
of the Reſurrection of our Lord, which was the 
Cuſtom in France before the Year 1564. The 
Jews begin their Civil Year with the New Moon, 
that has its Full Moon happening next after the 
Autumnal Equinox. The Ereciaus began their 
Year with the New Moon that happen'd next af. 
ter the Summer Solſtice : And the Romans an- 
ciently began theirs with the New Moon next 
after the Winter Solſtice. And this ſeems to be 
the reaſon why Julius Ceſar did not fix the be- 
ginning of his Year (tho! a Solar) in the Winter 
Solſtice it ſelf, but tarried for the following New 
Moon, where he might place the beginning of 
his Year, or the Calends of January, according 
to the Cuſtom then receiv'd. Tho perhaps the 
ancient Opinion was not yet entirely loſt, that 
the Solſtices were celebrated in the eighth Parts 
of the Signs of Cancer and Capricorn, and not in 
the very beginning of the Signs: by which no 
more was meant among the Learned, than that 
the Sun was really in the eighth Parts of the Signs, 
when he was commonly thought to be in the 
beginning ; which is all one as to ſay that the 
Equinoxes and Solſtices were anticipated for fix 
or ſeven Days. And if the Sun had been in the 
firſt Point of Capricorn on the 24> of December, 
he would be exactly enough in the eighth De- 
gree of it on the 1'* of Fannary. By this Me- 
thod he brought it about that the Celebration 
of the Olympic Games ſhould fall upon the 
firſt Day of the Month Quintilis, which he 
calPd by his own Name, July: And perhaps 
theſe Games themſelves were by ancient Right 
inſtituted on ehe account of the Summer Sol- 
ſtice. - 
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Tho? the firſt of January is now look d upon 
as the beginning both of the Julian and Erego- 
rian Year almoſt thro? all Europe; yet others aſ- 
ſign other beginnings to it both formerly and 
now-a-days. We have ſpoken of the moveable 
Feaſt of Eaſter already. The Venetians, Floren- 
tines, the Inhabitants of Piſa in Italy, and of 
Treves in Germany,” make the Vernal Equinox to 
be the beginning of their Year. The ancient 
Clergy made the 25th of March, or the Feaſt of 
the Annunciation of the Bleſſed Virgin, that is, 
of the Incarnation of Chriſt, to be the beginning 
of the Year : Which the Church of England ſtill re- 
tains as the beginning of the Year. And the Ci- 
vil Year begins here alſo, tho? the Vulgar begin 
it at the firſt of January, with the neighbouring 
Nations. b 
The more celebrated Collections of Years or 
Times, meaſured by a repetition of Vears, are an 
Olympiad, of 4, Years ; a Luſtrum, of ſometimes 4, 
ſometimes 5 Years ; a Jubilee, of 49 or 53 Years ; 
a Seculum, or an Age, of 100 Years ;'an Anus 
Magnus, or Great Year, being the time of the 
entire apparent Revolution of the fix'd Stars, till 
after having departed from a fix'd Point, they 


return to the ſame again, which is 25000 or 


26000 Years, or thereabouts. 


TION XII. 
| chief and moſt noted Epochas, 
and to explain” their relation to each other. 
As Aſtronomers, in computing the motion of 
the Celeſtial Bodies, aſſume certain fix*d Points 
to begin at; ſo they do certain moments of Time, 
from which, as Roots, their Computations may 
begin and proceed. Theſe Roots, which they 
alſo call Epochas and Z#ras, commonly have a 
name from ſome famous Action or Event, that 


| hap- 


— * 
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happen'd near the beginning of each. The moſt 
conſiderable, and which we are beſt acquainted 


withal, is the Epocha of Chriffs Nativity, or the 


firſt Day of Fanuary that we ſuppoſe to follow 
next to the Nativity of our Lord: And 45 Years 
before is the Epocha of Fulius Ceſar, or the be- 
ginning of the Julian Tear; at which time Ceſar 
rejecting the old Roman Year, that had been uſed 
from Numa, as they believed, order'd the Julian 
Year to be obſerved thro' the Roman Empire, 
*Tis true, this Year was not obſerved always ooh 
the beginning, but after various and confuſed In- 
tercalat ions extraordinarily, in about the 1oth 
Year after its beginning, that is, the 5th of the 

Vulgar Era, or Birth of our Saviour, it was re- 
ſtored by Auguſtus, in the. ſame Order, as if it had 
been continued without any Interruption from the 
beginning. 

Tho' the Epocha of the Nativity of Chriſt 
above deſcribed be eſtabliſhed by common uſe, 
and now almoſt univerſally receiv'd, yet England 
and Ireland, in Affairs both of Church and State, 
uſe an Epocha a full Year after it; and ſup- 
poſe Chriſt to be born, not on the 25th of 
March, near the ending of the forty fifth Julian 
Year, but of the following Year ; namely, the 
forty ſixth Julian Lear; and they ſuppoſe Ch. 
to be conceived on the 25th of March of the 
forty ſixth Julian Year; and number the Year 
not named from the Nativity, but from the Ju- 
carnation of Chriſt, that is, the Conception; 
and by conſequence the ſame in number, for 
the greateſt part of the Year, with the remain- 
ing round Number, that ſhews the Year from 
the Nativity. But in the Months almoſt be- 
tween the firſt of Fanuary and the 25th of March, 
they reckon a different Year from the reſt, as 

they 
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they ought according to their Tra. That this 
difference between the Eras that take their name 


from Chriſt, may be better underſtood, we are 


to take notice, that Dionyſius, called Exiguus, was 


the Author of this Era five hundred Years after 


Chriſt, from which time they began to reckon 
from the Nativity or Incarnation of Chriſt, where- 
as before they uſed to number their years by the 
Conſuls, and from the Building of Rome, in the 
Roman Empire; and out of it by the Years of 
each King's Reign. This ra, ſometimes call'd 
from its Author, the Dionyſian, is by no means 
to be looked upon as exact and. agreeable to Hi- 
ſtory. For *tis not yet ſettled, whether it was 
the firſt, ſecond, third, fourth, or fifth Year, be- 
fore the Vulgar Era that Chriſt was born, as 
may be ſeen in Kepler's Book of the Tear wherein 
Chriſt was born. But this ſuppoſed ra is not very 
far diſtant from the time which is ſufficient for 
an Era. And according to Dionyſius, the Author 
of this Era, Chriſt was conceived the 25th of 
March of the firſt Year current of this Zra, and 
born the following Winter, at the end of the 46th 
Year of Julius Ceſar. This computation of the 
Year was at firſt univerſally received, but is now 
left, and retain'd only in England, together with 
the beginning of the Eccleſiaſtical and Civil Year, 
(the Feaſt of the Annunciation,) which obtained 


in thoſe Days: For in the Chriſtian World be- 


fide this Epocha was tacitly departed from; for 
now the common Opinion is, that Chriſt was 
born the Winter before the Dionyſian Annuncia- 
tion, namely at the end of the 45th of 7ulius 
Ceſar, and therefore they reckon the Years from 
the Nativity ; and ſo make Chriſt one Year older 
than Dionyſius the Author of the Era did, and 


the Engliſh with him. | 


1 
Since 


„ 
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Since moſt Aſtronomical Tables are now fitted 
to the more common Chriſtian Ara, the other 
more celebrated ones are to be compared and re- 
duced to it. And the firſt of them is the Epocha 
of the Creation, about which there are ſever] 
controverſies. Some ſay the World was created 
3950 Years before the common Z#ra of Chriſt, 
and theſe ſays Eaſſendus come neareſt the truth; 
which is likewiſe approved of by the French A- 
ſtrenomers. Others 3983 years; and with theſe 
Petavius agrees. Kepler 3993 years, in the middle 
of Summer, from Aſtrology. Hevelius in the 
3963d Year current before Chriſt, the 24th of 
October of the 7ulian Tear continued backwards, 
at 6 a Clock in the Evening, in the Meridian of 
Eden; becauſe he found in his Tables of the Sun, 
that at that time the Sun was in the beginning of 
=, and its Apogæum in the beginning of Y. 
Others make it much more ancient, and place it 
5199 Years before Chriſt. 

The Epocha of the Olymprzads, of all Profane 
ones, is the moſt Ancient and Celebrated : It is 
placed in the Summer of // years before Chriſt, 
the firſt of July, the Fulian Year being continu- 
ed backwards. Not much after .is the Epocha of 
the Building of Rome, which is generally fix'd in 
752 years before Chriſt. | 

The #ra of Nabonaſſar, always famous among 
= Aſtronomers, began at the 26th day of Fe- 

ruary of a Julian Year produced backward, and 
in the Year 747 before Chriſt. And becauſe this 
was the firſt of the Agyptian Years, Ptolemy, and 
after him the other Aſtronomers, and Copernicus 
himſelf, compute from thence the motion of the 
Stars by Zgyptian Years. For the Agyptian 
Year conſiſting of 365 Days, tho, unfit for com- 
mon Uſe, becauſe its Cardinal Points wander 
thro” all the Seaſons, yet is very fit for Aſtrono- 
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mical Computations, becauſe it is diſturbed I 
no intercalation. - - 


The Epocha of the Death of Alexander the Great 
follows next in order, on the 12th day of No- 


vember, in the year 324 before Chriſt. And this 


alſo being the firſt of the Ægyptian Wandering 
Years (for ſo the Founders of Zras will have it, 
tho* the Event happen'd before or after the be- 
ginning of 'the Year) Theo. Albategnius, and 
others that uſed'this Epocha, computed the ÆAgyp- 
tian Years from hence. Between the Eras of 
Nabonaſſar and the Death of Alexander the Great, 
there are 424 years preciſely. _ _ 

I paſs over the Ara of the Abyſſinians, call'd 
alſo the Era of Diocleſian and the Martyrs: As 
alſo the Ara of the Arabians, that is, the Hegira, 
or Flight of Mahomet : And the Epocha of the 
Perſians, or as it is call'd Zeſdegira ; and others, 
(being ſuch as are of ſmall uſe to us) which may 
be ſeen at large in Writers upon that ſubject; 


and in fine, the Epocha of the Julian Period of 


5980 years, invented by Scaliger, beginning 
4714 years before the Chriſtian Era, and conſe- 
quently before the World was created. 


* 
— 


SECTION III. 
Of Spheres and other Inſtruments invented 


to repreſent the firſt Motion of the Hea- 
vens, and of their Uſe. : 


PxoyoOsITLION XIII. 


F O deſcribe the common Inſtruments, by which 
the Firſt or Diurnal motion is imitated, and 
demonſtrated to the Sight, viz. the Celeſtial Globe 
and Sphere, | — — 8 ; 

| For 


2 54 The. E LEMENT 8 Bock II. 


For the better conception of the aforeſaid Cir- 
cles in the Heavens, Artiſts preſent us with the 
Image of the Starry. Heaven upon the Celeſtial 
Globe, which is a Sphere made of Metal, Paper, 
or any other like ſubſtance, eaſy to be moved up- 
on two Poles. Upon the Convex Surface you have 
marked the Places of the chief Fix d Stars, ſo 
diſpoſed in regard of one another and the Poles 
of the Sphere, as the Fixed Stars themſelves, 
which they repreſent, are diſpoſed in reſpect to 
one another and to the Poles, about which the 
Heavens ſeem to reyolve in the diurnal Motion, 
'There are alſo drawn upon it the Images of the 
Aſteriſms, that theſe Stars ſeem'd to repreſent to 
the Ancients, being induced thereto either by 
the force of Fancy or Religion. 

There are drawn alſo upon this Globe, the 
Equinoctial Circle exactly between the Poles, 
and the two 'Tropics parallel to it, on each fide 
of it at 23 3 Degrees diſtance, and the two Polar 
Circles at the ſame diſtance from both Poles, 
The Ecliptic alſo is drawn reaching to both the 
Tropics, and interſecting the Equinoctial upon 
the Surface of the Globe, in the Points ſo re- 
lated to the Places of the Stars, as the Points of 
the Celeſtial Equinoctial (where the Sun appears 
in the time of the Equinoxes) are related to the 
Stars themſelves, in the Age wherein the Globes 
are made: And both the Equinoctial and the 
Ecliptic are divided into Degrees, beginning at 
the Point that repreſents the Vernal Equinox; 
the Equinoctial into 3 60, without any break, but 
the Ecliptic into 12 Signs, diſtinguiſhed by their 
proper Marks, every one of which is ſubdivided 
into 3o Degrees : And the Secondaries of the 
Ecliptic drawn thro” the beginning of each Sign, 
and meeting in the Poles, divide the whole Globe 
it {elf into as many Signs. Only two Seconda- 
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ries of the Equator, namely, the Colures, are 
drawn upon the Celeſtial Globe, one of which, 
viz. the Solſtitial Colure, is the Secondary alſo 
of the Ecliptic. Such a Globe as this repreſent- 
ing the Starry Firmament, is made movable up- 
on the aforeſaid Poles, ſo put into the Meridian, 
hich is a Brazen immoveable Circle placed with- 
out the Globe, as to fit that ſide of this Meridi- 
an, which is divided into Degrees; which ſide |, 
therefore is to be taken for the true Meridian, 
the thickneſs of the Circle only ſerving for 
ſtrengtn. 3146 

Beſides, the Globe encompaſſed with the Me- 
ridian (as was ſaid) is let into a Wooden con- 
trivance repreſenting the Horizon, ſo as half of 
it may be above the upper Surface of this Woo- 
den contrivance, which is therefore to be looked 
upon as the Horizon. And that the Globe 
in every part may come near enough to the 
Horizon, there are Notches in the Horizon 
for the Meridian to go in. Upon this ar- 
tificial Horizon, which is pretty broad, beſides 
the inmoſt Circle divided into its proper Degrees, 
reckon'd from convenient Beginnings, there are 
the Julian and Eregorian Calendars, with the 
Degrees of the Signs of the Ecliptic, that the 
Sun is in nearly upon thoſe Days in the Age the 
Globe is made in: There is alſo a Circle of the 
Winds or Points of the Compals. | 3 
The Horizon is ſupported by four or more 
little Pillars faſten'd to a Foot or | Baſe, upon 
which there is placed a Mariner's Compaſs and 
Needle, to ſet the Globe pretty nearly agree- 
able to the Quarters of the World. You have alſo 
a Quadrant of Altitude that may be faſten'd to 


the vertical Point of the Meridian by * 
5 | 0 
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of a Screw, its Limb divided into Degrees, is 
to be taken for a true Quadrant: and the De- 
grees are reckon'd from its extremity that touch- 
es the Horizon-upwards towards the Zenith. In 
the Globes made now-a-days, there is alſo a Cir. 
cle called the Hour Circle, faſten'd to the Meri. 
dian, having the Pole for its Center. This 
little Circle is divided into twice twelve hours, 
that it might be fitted to our way of reckoning 
the hours, beginning at the Meridian. And 
ſince the Pole carries the Index along with it, 
the Index will point out the Hours according to 
the Revolution of the Globe, if it be at twelve 
a Clock of the Day, at the ſame time as the 
Sun's Place is under the Meridian. s 
What is commonly call'd a Sphere differs from 
'a Globe in this, that its Surface is not united 
and perfect, as tis in a Globe, but the more 
principal Circles made of Armillæ or Hoops 
(from whence it has the Name of an Armillan 
Sphere) repreſent a Spherical Surface. In ſuch 4 
Sphere, beſides the Horizon and Meridian, (be- 
tween which being immovable, it is revolved 
like a Globe,) there are four great Circles; 
namely the Equator and Ecliptic, or rather Zo- 
diac, (for like a Belt or Swath, it is 20 deg. 
broad ;) and the two Colures ; and four leſſer 
Circles, viz. the two Tropics, and two Polar 
Circles: And thus the number of the Circles of 
a Sphere came to be reckoned Ten. This 
Sphere is ſo excavated, that by its tranſparence 
as it were, it is a repreſentation of the World, 
and preſents us with the little Globe of the 
Earth in its Center at reſt, and ſuſpended by 
the Axis, which could not be done ſo well in a 
Globe, whoſe Superficies is entire and united. 
From what has been ſaid, *tis evident, that in 
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an Armillary Sphere, the above deſcribed places 
of the Fix d Stars can't be mark'd at all, except- 
ing ſome few, that appear in the Zodiac, tho' 
they likewiſe are commonly taken no notice of ; 
and therefore the Problems relating to the Fix'd 
Stars can't be ſolved by ſuch a Sphere. And 
ſince the ſaid Circles of the Sphere are delineated 
upon the ſurface of the Globe, all the Problems 
that are done by the Armillary Sphere, may be 
perform'd very _—_ by the Globe: And there- 
fore Spheres, tho' of great Name formerly, when 
the ſtudy of Aſtronomy began to revive, are very 
ſeldom uſed now, but to help the Imagination of 
Novices. | | 

To theſe Armillary Spheres there are ſometimes 
annex*d the Planets made movable in diffe- 
rent Circles, in the Order as they are reckoned by 
the Aſtronomers of the Prolemaic, Tychonic, or 
Copernican Sect. And therefore in the Ptolemaic 
and Tychonic Sphere, the Planets are carried in 


different Circles about the Earth at reſt, in the 


Plane of the Zodiac, within the Hoops that re- 
preſent the ſtarry Heaven. But ſince there is 
required a ſpherical Surface (traced out by the 
Hoops) concentric with the Earth, to repreſent 
the Firſt or Diurnal Motion, and this is movable 
in the Copernican Sphere ; therefore the Makers of 
theſe Inſtruments do place the Planets in it without 
the Hoops compaſſing the Earth, which is mova- 
ble about an imaginary Sun. Sometimes Spheres 
of this kind and Globes are made to go by a Weight 
or Spring, ſo as to imitate the riſing, ſetting, and 
all the Diurnal Motions of the Fix'd Stars. Some- 
times alſo the Planets perform their Revolutions 
in a proper time: But Things of this nature don't 

belong to this place. ; NO 5 
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PROPOSITION XIV. 

O deſcribe the Terreſtrial Globe, as it is com- 
monly made. FTE 

The Terreſtrial Globe does not differ from the 
above deſcribed Celeſtial Globe but in this, that 
inſtead of the Stars and Conſtellations compoſed 
of them, Lands and Seas are delineated upon 
it. And the Tracts, Bays, Promontories, and 


other things belonging to the Earth, are painted 


upon the convex ſpherical Surface thereof, in 
regard of one another and the Poles upon which 


| the Globe is turn'd in the Meridian, Juſt as the 


Places themſelves are upon the Earth, which 
they repreſent, in regard of one another and the 
Poles' upon which the Earth really revolves by 
the diurnal Motion. 'Theſe Places of the Earth 
thus imitated will really have that ſituation, if 
each of them be transferr*d upon this little Earth 
agreeable to their Longitude and Latitude by 
Obſervation. 'The Equator, and its Secondaries 
or Meridians paſſing thro* every ten Degrees, 
are alſo painted upon the 'Terreſtrial Globe ; 
one of which, viz. that which paſſes thro' the 
Azores, or Fortunate lands, is the moſt conſide- 
rable, and called the firſt Meridian; it being 
that Meridian from which the Longitude of a 
Place is reckoned, as was ſaid above; and by 
conſequence from whence the numbering of 


the Degrees of the Equator towards the Eaſt is 


continued. Alſo the Parallels to the Equator, 
@1z. the Polar Circles and Tropics, and ſeveral 
others at ten Degrees diſtance from one another, 
together with the Rhumbs (in the ſpaces repre- 
ſenting the large and vaſt Seas) ſhewing the 
Courſes of Ships guided by the Mariner's Com- 


paſs and Needle, are all drawn upon it. And 
that the Terreſtrial Globe, beſides its own uſes, 


" | . might 
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might ſupply the Place of a Celeſtial Sphere 
(when ſuch a one is wanting, ) the Makers of theſe 


Inſtruments have fitted an Ecliptic to it. But 
becauſe this Circle is purely a Celeſtial one, and 


has no proper Place upon the Earth, therefore 


they have placed its Interſection with the Terre- 
{trial Equator, (Which they might have placed 
any where) at the Point where the firſt Meridian 
interſects the Equator, 


PrxoPOSITLION XV. A 
TO reſolve ſeveral Problems relating to the 


Situation of Places uf the Earth to one another, 
and to the Diurnal Motion of the Stars, by the 


| Globes ; that is, to ſhew tbe chief Uſe of both Globes. 


Tho? the ſolution of the following Problems 
by the Globes is not accurate and exact, yet it 
ſerves very much to form and inſtruct the Minds 
of Novices ; and we ſhall diſpatch them in one 
Propoſition. | 

And here the Celeſtial Globe is to be looked 
upon as the great Machine of the World itſelf; 
the Sun and all rhe Stars, and whatever we ſee in 
the concave Firmament, are to be conceived as 
upon the convex ſurface, view'd by an Eye pla- 
ced without that ſurface : But there is no need of 
ſuch a Fiction in the Terreſtrial Globe. And be- 
cauſe the Globes are the Inſtruments we make uſe 
of in this Propoſition, they are to be look'd 
upon as perfect ; as for the manner of ma- 
king them ſo, we are not now to enquire, but to 
apply them as they are already made to the ſo- 
lution of the following Problems and others like 
them. | - — 

1. To find the Longitude and Latitude of any gi. 

ven Place upon the Terreſtrial Ghibe. 

Bring the given Place to the Meridian, (al- 
ways underſtand that fide of it as is divided into 

e De- 


— 
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Degrees, which, as we ſaid before, is the true 
Meridian) and the Degree of the Equator, then 
found under the Meridian, ſhews the Longitude 
of the Place. For the beginning of reckoning 
thoſe Degrees is taken from the firſt Meridian, 
as was ſaid before. Again, reckon the Degree 
of Latitude from the Equator in the Meridian to 
the given Place: For the Meridian is divided 
into four times ninety Degrees, two of which 


nineties begin to be number'd from the Equator 


towards both Poles ; and the reckoning of the 

two other ninety Degrees begins from both Poles, 
and ends in the Equinoctial under the Horizon. 
The Latitude is North or South, according as 

the Place given is to the North or South of the 
Equator. i 


2. The Longitude and Latitude being given, 10 


find the Place itſelf upon the Terreſtrial Globe. 
Look in the Equator for the Degree of the 
given Longitude; then 'tis evident that the 
Place ſought is in the Meridian drawn thro? this 
Point taken in the Equator. Apply this Point 
therefore to the divided Meridian, and reckon 
the Degrees of the given Latitude towards the 
North Pole, if it be Northern, or towards 
the South Pole, if it be Southern, and the Point 
at the end of the reckoning will be the Place 
ſought. | | 
3. Torettify both the Globes to a given Latitude, 
toget 1er with the Quadrant of Altitude; and 
to diſpoſe the Globes agreeable to the Har Quar- 
ters of the World. Me ft 
If the Latitude of the Place given be North, 
let the Noith Pole be raited above the Horizon, 
if South, the South Pole, till the Arc of the 
Meridian intercepted between the Pole and the 
Horizon, be of as many Degrees as the Lati- 
tude of the Place given is. For by Prep. J. the 
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Elevation of the Pole is an Arc ſimilar to- the 
Latitude of the Place; that is, containing as 
many Degrees. From whence 'tis evident at ſight 
what Stars always appear ; namely, ſuch as upon 
the turning of the Globe quite round, .don't 
deſcend below the Horizon : As alſo what on the 
contrary never appear. 'Then from the Equator 
compute in the Meridian upwards, the Degrees 
of the Latitude given, and the point where the 
reckoning ends, ſhall be the Vertex of the given 
Place : (For the height of the Pole is equal to the 
diſtance of the Equator from the Vertex; ſince 
the ſame Arc, namely the diſtance of the Pole 
from the Vertex is the complement of both to 
ninety Degrees;) Fix the Quadrant of Altitude 
by means of the Screw, to the Vertex thus found, 
ſo as that its divided Edge, (which ſerves inſtead 
of a Quadrant,) may proceed as it were from 
thence. Laſtly, by help of the Mariners Com- 
paſs fix*d to the foot of the Globe, let the Right 
Line, being the common Section of the Planes of 
the Horizon and Meridian, be placed in the Me- 


ridian Line, ſo as that the elevated Pole of the 


Globe may look towards the elevated Pole of the 

ewe ſuppoſe the Magnetic Needleto 
be directed along the Meridian Line; at leaſt, 
that its Declination (that hinders it) is known. 
By this means, the Meridian of the Globe will 
coincide with the Meridian of the Place; and its 
other Points with the correſpondent Points of 
the Place. But ſuch an Horizontal Plane muſt 
be found for the Globe to ſtand upon, as 


that the Horizon of the Globe may be Pa- 


rallel to the Horizon of the Place, as it ought 
to be. 555 | 


S 3 4. To 
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4. To find the Degree iu the Ecliptic that the 
Sun is in at any given time, by help of the Cas 
lendar and Circle of Signs drawn upon the Sur. 
face of the Horizon, and by that to aſſign its 
Place in the Ecliptic itſelf. | 5 0 
Look into the Calendar for the Month and Day 
propoſed, and oppoſite to it you will find the Sign 
and Degree thereof, that the Sun is then in, 
Then in the Ecliptic drawn upon the Globe, look 
for that Sign of the Degree of it, and that will 
be the Place of the Sun ſought. If you would be 
more exact, you muſt get the Place of the Sun, 
by help of an Ephemerides, and find that out, in 


the Ecliptic drawn upon the Globe. After the 
ſame manner may the Places of the Planets found 


by ſuch Ephemerides, be mark*d upon the ſur- 


face of the Globe; by ſeeking firſt the Longitude ( 


of the Planer in the Ecliptic, and its Latitude by 
protraction trom the Ecliptic either way, by help 
of a pair of Compaſſes. Io find the Degree in 
the Ecliptic the Sun is in pretty nearly at a 1 


time, you need only to know what Day of each 


Month the Sun enters a Sign of the Ecliptic, and 
compute one Degree for every Day from thence. 
For this purpoſe there are ſome memorial Verſes 
compoſed, which may be ſeen in the Writers of 
the Doctrine of the Sphere. 


5. To find the right Aſcenſion aud Declination f 


the Sun, or Star, or any given Point; and 

. conſequently to find the Time of the Culmination 

of a given Star or Point. 

'The right Aſcenſion of the Sun, or any Point 
upon the Celeſtial Globe, is found after the 
fame manner as the Longitude and Latitude of 
a Place on the Terreſtrial Globe ; (by Probl. 1.) 


For the right Aſcenſion and Declination in the 


Celeſtial, is all one with the Longitude and 


Lati- 
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Latitude in the 'Terreſtial Globe. Again, having 
brought the Place of the Sun to the Meridian, 
bring the Index to twelve a Clock, (we reckon 
it twelve a Clock when the. Sun is in the Meri- 
dian,) and turn the Globe round till the Star 
or given Point comes to culminate, when the 
Index ſhews the Hour, when that will hap- 
n. But becauſe the Hour Circle is too ſmall, 
the part of an Hour can't be eaſily diſtinguiſh'd in 
it: To be more exact, you muſt do thus. Be- 
cauſe the entire Equator (together with a cer- 
tain Portion of it, correſponding to the proper 
motion of the Sun during that time) paſſes the 
Meridian in the ſpace of a natural Day ; *tis evi- 
dent that a 24th Part of the Equator, or 15 De- 
grees, paſſes the Meridian in one Hour, and on 
Degree in four Seconds of time, and ſo on. I 
therefore from the right Aſcenſion of a Star, you 
take away the right Aſcenſion of the Sun, you will 
have that portion of the Equator which paſles the 
Meridian, in the time between one culmination 
of the Sun and' the next following culmination of 
the Star ; If inſtead of that, you take the time 
neceſſary for the Paſſage of the ſaid Arc of the 
Equator by the Meridian, (allowing an Hour for 


fifteen Degrees, and four Minutes for one Degree, 


as was ſaid before; which Operation is called the 
Converting an Arc of the Equator into Time ;) you 
will have the time of the Culmination of that Star 
from Noon. But if the right Aſcenſion of the 
Star be leſſer than the right Aſcenſion of the Sun, 
ſo that the latter can't be ſubſtracted from the 
former, you muſt add to it a whole Circle or 369 
Degrees. . 
6. The Place of the Sun or any Star being given, 
to find its oblique Aſcenſion or Deſcenfion, as 

alſo its Eaſtern and Weſtern Amplitude. 


Bring the given Place of the Sun or Star to 
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the Eaſtern Part of the Horizon, (having recti. 
fied the Globe for the Latitude of the Place, by 
Prob. 3.) and mark the Degree of the Equator 
that aſcends with it: For the Arc of the Equa- 
tor, intercepted between the beginning of Aries 
ahd the Point thus mark d expreſſed by the num- 
ber annex'd to the Point) is the oblique Aſcenſion 
of the Sun or Star it fel And the Arc of the 
Horizon intercepted between the Eaſt (that is, 
the Interſection of the Equator and Horizon) and 
the Place of the Sun or Star is the Eaſtern Am. 


plitude of that heavenly Body. If you bring the 


fame Place of the Sun or Star to the Weſtern Part 
of the Horizon, the Degree of the Equator then 


deſcending, will be the oblique Deſcenſion; and 


the Arc of the Horizon, intercepted between the 

Weſtern Point of the Horizon, and the ſetting 

Celeſtial Body will be its Weſtern or ſetting Am- 
plitude. | Do 

7. The right and oblique Aſcenſion of the Sun, or a 

Star being given, to find half the time of its 

continuance above or below the Horizon; and 

if it be the Sun, whoſe Aſcenſions are given, 

_ 0 determine the Length he Day and Night, 

and the Hour of the riſing and ſetting of the 

Stun ; but if it be a Star, to find the Hour of 

its riſing or ſetting, by having the time of its 

Culmination given: And on the contrary, the 

Place of the Sun and Length of the Day being 


given, to determine the Places on the Earth to 


' ,_ whom they agree. 

If you fix the Index to twelve a Clock when 
the Sun's place is under the Meridian, and turn 
the Globe backwards till the Sun's place is at the 


Eaſtern Part of the Horizon, the Index will point 
out the Hour of Sun riſe ; and if the Place of the 
Sun be brought to the Weſtern Part of the Hori- 
zon, the Index will point out the Hour of it 
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ſetting ; the ſame Index will likewiſe ſhew the 
culminating, riſing or ſetting of a given Star, 
when the Star mark'd on the Globe comes to 
the Meridian, Eaſtern or Weſtern Part of the 
Horizon : For in all theſe Inſtances Nature itſelf 
js imitated. And the Hour of the riſing or ſet- 
ting of the Sun or Star being known, the conti- 
nuance of them above or below - the Horizon is 
ſelf-evident. L fk . 
Jo find the ſame more exactly by computation 
without the Globe, the Aſcenſions being given, 
do thus: Let the Aſcenſional Difference be con- 
verted into time; then if it be added to ſix Hours, 
if the Celeſtial Body declines from the Equator 
towards the Pole that is elevated; or ſubſtracted 
from ſix Hours, if it declines towards the Pole 
that is depreſſed, it will give half the continuance 
of that Celeſtial Body above the Horizon: And 
this added to the time of its culminating, will 
give the Hour of its ſetting, and ſubſtracted from 
it the Hour of its riſing. And conſequently its 
whole continuance above the Horizon, (which 
is the Length of the Day, if the Celeſtial Body 
be the Sun) will be given, which ſubſtracted 
from 24 Hours, gives its continuance below the 


Horizon. = 
If the Place where the Day is of a given Length 


berequir'd, when the Sun is in a given Point in 


in the Ecliptic ; bring the Place of the Sun to 
the Meridian, and the Index to twelve a Clock ; 
turn the Globe till the Index ſhows the Hour of 


the riſing or ſetting of the Sun agreeable to the 


given Length of the Day ; then elevating or de- 
preſſing the Pole, let the Globe be brought to 
Juch a ſituation as that the Sun's place may be in 
the Horizon when the Index is at the ſaid Hour; 
for in this Caſe, the Globe is in that ſituation, 


wherein the Sun being in a given Point of the 
Ecliptic, 
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Ecliptic, makes the Day of the given length. There- 
fore all the Places of the Earth, whoſe Latitude is 
equal to the height of the Pole of the Globe in 
this poſition, will anſwer the Queſtion. And if 
the given Place of the Sun be in the Tropic to- 
wards the viſible Pole; (that is, if the Place be 
required whoſe longeſt Day is of a given Length) 
this Problem will ſerve to diſtinguiſh the Parallels 
and Climates. | 
8. The Latitude and Sun's place being given, 

and beſides any one of theſe three things, viz, 

- the Hour of the Day, the Altitude of the Ce. 
leſtial Body, and the Azimuth of the ſame, to 
Jud the other two. . 
Rectify the Globe for the Latitude of the 
given Place, by Prob. 3; and bring the Sun's 

Place to the Meridian, and the Index to twelve 
a Clock; then if the Hour be given, turn the 
Globe about, till the Index points at that Hour, 
or move it accurately, till as many fifteen Degrees 

of the Equator paſs the Meridian forwards or 
backwards, as there are Hours ſince or before 

Noon; and if the given Hours have Minutes, 
for each four Minutes, make one Degree paſs 
by the Meridian. Fixing the Globe in this po- 
ſition, let the Altitude and Azimuth of the Sun 
or Star be meaſured by the Quadrant of Alti- 
tude firſt fixed to the Zenith, viz. the Alti- 

tude in the Quadrant, reckoning upwards from 
the Horizon ; but the Azimuth, in the Horizon, 

from the South or North Point to the Inter- 
ſection of the Quadrant and the Horizon. If the 


Altitude of the Sun or Star be given, turn the 


Globe about till the Star arrives at the given Al- 
titude, (which may eaſily be try'd by the Qua- 
drant of Altitude, and the foot of the Qua- 
drant will ſhew the Azimuth, and the Index, 
the Hour. But when the Azimuth is-given, 
bring 
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bring the foot of the Quadrant to the Azimuth 
given, and turn the Globe till the given Star 
comes. to the Edge of the Quadrant, and imme- 
diately the Altitude will be knoun, being 
reckon'd upon the Quadrant, and the Hour, by 
the Index: Unleſs it be better to find it by the 
number of Degrees of the Equator, that have 
paſs'd the Meridian, ſince the Sun was upon it. 
By Hours we here underſtand Equinoctial ones 
reckon'd from Noon to Midnight, tho' they may 


be eaſily reduced to Italic or Babylonic Hours, by 


finding (by the preced. Prob.) the Hour of the 
riſing or the ſetting of the Sun, from whence 
they (being likewiſe Equinoctial Ones) are rec- 
kon'd : Tis an eaſy matter alſo to reduce any 
given Equinoctial Hour, reckon'd from any be- 
ginning, to an unequal or Planetary Hour, by 
the length of the Day. And if the Places of 
the Planets (found for that time by help of an 
Ephemerides) be mark'd upon the Surface of the 


Globe, the Conſtellations and Planets may be ea- 


fily found and diſtinguiſh'd in the Heavens by the 
Globe, if rectified to the Hour of the Night, and 
in a clear ſerene Night be compared with the. 
Face of the Heavens, and turn'd about gradually 
as the Night paſſes, to keep the ſame ſituation 
with the Heavens. 

9. To find the time when a Fix'd Star riſes or 

ſets Coſmically or Achronically. 

Bring the given Star to the Eaſtern Part of 
the Horizon, and mark the Point of the Ecliptic 
that riſes with it; then the .time when the Sun 
is in that Point (which you may eaſily find upon 
the Horizon of the Globe by the Circle of Signs 
and the Calendar annex'd to it) is the time of the 
Coſmical riſing of that Star: But if the time of 
the Coſmical ſetting were required, mark in the 
Globe the Point of the Ecliptic riſing when the 
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given Star comes to the Weſt Part of the Horizon, 
and the time wherein the Sun enters that Point 
is the Time ſought. To find the Achronicy 
riſing, mark that Point of the Ecliptic which ſetz 
when the Star riſes, and the Time wherein the 
Sun paſſes that point, is the Time ſought. And 
if that Point of the Ecliptic be taken notice of 
that comes to the Weſtern Part of the Horizon 
together with the Star, that Day the Sun is in 
that Degree; the Star ſets Achronically. And 
this is ſufficient, if by the Coſmical and Achroni. 
cal rifing and ſetting be underſtood Morning and 
Evening riſing and ſetting, as it commonly does 
But if the Coſmical riſing and ſetting (as Kepler 


= would have it) ſignify the ſame as the aſcent above 


the Horizon of a given Place, and deſcent be- 
low it, then this happens daily to any Fix'd Star 
that riſes or ſets at all, the Time of which is 
found by Prob. 7. And the Achronical riſing of 
a Star (which, according to the ſame Author, 
ſignifies a Star's riſing when the Sun ſets) will be 
the ſame, and found after the ſame way as the 
former : But the Achronical ſetting comes to the 
ſame thing with the Coſmical riſing in the com- 
mon ſenſe. 

Io. To find the Time, when a given Fix'd Star 

riſes or ſets Heliacally. 
Since all the Fix'd Stars riſe Heliacally in a 


Morning, and ſet in an Evening, to find the 


Time when a given Fix'd Star (for Inſtance, of 
the firſt Magnitude) riſes Heliacally, that Point 
of the Ecliptic is to be found, which is 129 be- 
low the Eaſtern Part of the Horizon when the 
Star riſes : For when the Sun is in that Point of 
the Ecliptic, he is depreſſed below the Horizon, 
Juſt as much as is neceſſary for ſuch a Star to be 
viſible when it is juſt come above the Horizon. 
To find this by the Globe, bring the Star to the 
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Eaſtern Part of the Horizon, and, with the 

uadrant of Altitude, find that Point of the 
Ecliptic which is elevated 12 Degrees above the 
Weſtern Part of the Horizon : Then the Point 
oppoſite to this is the Point ſought, v7z. one de- 
preſs'd 12 Degrees below the Eaſtern Part of the 


Horizon: That Day therefore wherein the Sun 


poſſeſſes that Point of the Ecliptic (which may 
be eaſily found in the Calendar annex'd to the 
Circle of Signs in the Horizon of the Globe) the 
ſaid Star of the firſt Magnitude riſes Heliacally. 
If the Star be of the ſecond Magnitude, a Point 
of the Ecliptic muſt be found, that is depreſſed 
thirteen Degrees below the Horizon, when the 
Star is juſt at it: If of the third, 14 Degrees, 
and ſo on; as is evident from Prop. 9. If the 
Time of the Heliacal ſetting of a given Star of 
the firſt Magnitude be required, bring the Star 
to the Weſtern Part of the Horizon, and, as be- 
fore, find that Point of the Ecliptic which at that 
Time is elevated 12 Degrees above the Eaſtern 
Part of the Horizon, and the Point oppoſite to it 
(namely that which is depreſſed as many Degrees 
below the Weſtern Part of the Horizon) is the 
Sun's Place in the Ecliptic, when the ſaid Star 
ſets Heliacally. After the like manner you may 
find the Place of the Sun in the Ecliptic for any 
given Time paſt, when a given Fix'd Star did 


at that Time riſe or ſet Heliacally ; and conſe- 


quently the Times anciently deſcribed and marked 
out by the Writers of Husbandry and Medicine, 
may be compared with ours: For inſtead of a 
given Star, as it is painted upon the Globes, you 
are to make uſe of that Place of it, in which it 
was in that Age ; leſſening the Longitude of the 
Star one Degree, and a third Part, for every 
Age ſince the given one, but keeping the ſame 
Latitude, | es 6 
7 11. To 
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given Star comes to the Weſt Part of the Horizon, 
and the time wherein the Sun enters that Point 
is the Time ſought. To find the Achronici 
riſing, mark that Point of the Ecliptic which ſets 
when the Star riſes, and the Time wherein the 
Sun paſſes that point, is the Time ſought. And 
if that Point of the Ecliptic be taken notice of 
that comes to the Weſtern Part of the Horizon 
together with the Star, that Day the Sun is in 
that Degree; the Star ſets Achronically. And 
this is ſufficient, if by the Coſmical and Achroni. 
cal riſing and ſetting be underſtood Morning and 
Evening riſing and ſetting, as it commonly does. 
But if the Coſmical riſing and ſetting (as Kepler 
would have it) ſignify the ſame as the aſcent above 
the Horizon of a given Place, and deſcent be- 
low it, then this happens daily to any Fix'd Star 
that riſes or ſets at all, the Time of which is 
found by Prob. 7. And the Achronical riſing of 
a Star (which, according to the ſame Author, 
ſignifies a Star's riſing when the Sun ſets) will be 
the ſame, and found after the ſame way as the 
former : But the Achronical ſetting comes to the 
ſame thing with the Coſmical riſing in the com- 

mon ſenſe. 
Io. To find the Time, when a given Fix'd Stat 

riſes or ſets Heliacally. | 

Since all the Fix'd Stars riſe Heliacally in a 
Morning, and ſet in an Evening, to find the 
Time when a given Fix'd Star (for Inſtance, of 
the firſt Magnitude) riſes Heliacally, that Point 
of the Ecliptic is to be found, which is 129 be- 
low the Eaſtern Part of the Horizon when the 
Star riſes : For when the Sun is in that Point of 
the Ecliptic, he is depreſſed below the Horizon, 
Juſt as much as is neceſſary for ſuch a Star to be 
viſible when it is juſt come above the Horizon. 
To find this by the Globe, bring the Star to the 
ns” - Eaſtern 


Book 


Eaſterr 

uadr3 
Eclipti 
Weſter 
0 oſit 
a 
Horizo 
poſſeſſe 
be eaſi 
Circle 
ſaid St: 
If the 


of the 


thirtee 
Star is 
and ſo 
Time 
the fir! 
to the 
fore, f 
Time 


8 Part of 


(name 
below 
Sun's 
ſets Hi 
find th 
given 


at tha 


quent] 
out by 
may b 
given 
are to 
was in 
Star C 
Ape 1 


\Latity 


Dok II. 


lorizon, 
t Point, 
Monica] 
ich ſetz 
rein the 
t. And 
tice of, 
Horizon 
IN is in 
„ 
chroni- 
Ing and 
ly does, 
s Kepler 
It above 
ent be- 
X d Star 
vhich is 
iſing of 
Author, 

will be 
as the 
s to the 
e com- 


Pd Stat 


ly in a 
nd the 
nce, of 
t Point 
20 be- 
en the 
oint of 
orizon, 
to be 
orizon. 
to the 
Eaſtern 


WTatitude. 


Book II. of ASTRONOMY. 269 
Faſtern Part of the Horizon, and, with the 
Quadrant of Altitude, find that Point of the 
Ecliptic which is elevated 12 Degrees above the 
Weſtern Part of the Horizon : Then the Point 
oppoſite to this is the Point ſought, v7z. one de- 
preſs'd 12 Degrees below the Eaſtern Part of the 
Horizon : 'That Day therefore wherein the Sun 
poſſeſſes that Point of the Ecliptic (which may 
be eaſily found in the Calendar annex'd to the 
Circle of Signs in the Horizon of the Globe) the 
ſaid Star of the firſt Magnitude riſes Heliacally. 
If the Star be of the ſecond Magnitude, a Point 


| of the Ecliptic muſt be found, that is depreſſed 


thirteen Degrees below the Horizon, when the 
Star is juſt at it : If of the third, 14 Degrees, 
and ſo on; as is evident from Prop. 9. If the 
Time of the Heliacal ſetting of a given Star of 
the firſt Magnitude be required, bring the Star 
to the Weſtern Part of the Horizon, and, as be- 
fore, find that Point of the Ecliptic which at that 
Time is elevated 12 Degrees above the Eaſtern 


Part of the Horizon, and the Point oppoſite to it 


(namely that which is depreſſed as many Degrees 
below the Weſtern Part of the Horizon) is the 
Sun's Place in the Ecliptic, when the ſaid Star 
ſets Heliacally. After the like manner you may 
find the Place of the Sun in the Ecliptic for any 
given Time paſt, when a given Fix'd Star did 


| at that Time riſe or ſet Heliacally; and conſe- 


quently the Times anciently deſcribed and marked 
out by the Writers of Husbandry and Medicine, 
may be compared with ours : For inſtead of a 
given Star, as it is painted upon the Globes, you 
are to make uſe of that Place of it, in which it 
was in that Age ; leſſening the Longitude of the 
Star one Degree, and a third Part, for every 
Age ſince the given one, but keeping the ſame 
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11. To determine the beginning of the Morning 
and end of the Evening Twilight for any Ting 
giuen. vis 
Rectify the Globe for the Latitude of the 
Place, (which is ſuppoſed in this and all the 
preceding Propoſitions to be Blven,) and bring 
the Place of the Sun at the Time given to the 
Meridian, and the Index to twelve a Clock ; then 
turn the Globe about towards the Eaſt, till the 
Point of the Ecliptic, oppolite to the Sun's Place, 
be elevated 18 Degrees above the Weſtern Par 
of the Horizon, in which caſe the Sun itſelf i; 
depreſſed as many Degrees below the Eaſter 
Part of the Horizon ; and then (by Prop. 8.) the 
Morning Twilight is beginning : and the Time 
of it ſhewn by the Index. But *tis better to tum 
the Arc of the Equator, that paſſes the Me. 
ridian, (while the Globe is moved about into thi 
ſituation from that which it had when the Sun's 
Place was at the Meridian,) into time, to be ſub- 
ſtrated from twelve Hours, for finding the 'Time 
of the beginning of the Morning Twilight, 
After the ſame manner the end of the Evening 
Twilight is found, by, turning the Globe about 
till the Point oppoſite to the Sun's Place be ele- 
vated 18 Degrees above the Eaſtern Part of the 
Horizon, Oc. | 
12. To find the Diſtance of any two Places on the 
Earth, that are given, as alſo the Angle if 
Poſition ; or that which a great Circle paſſing 
thro the given Places, makes with the Meri- 
dian of either of them. 
The neareſt diſtance of any two Places, which 


is always to be computed in a great Circle, 1s 
found by taking their diſtance as they are drawn 


upon the Globe; (by a pair of Compaſſes form'd 
for that purpoſe,) and applying that Interval to 


the Equinoctial or firſt Meridian, to know the 
num- 
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number of Degrees between the two Places ; and 
reckoning for every Degree, 60 Engliſh or 15 
German Niles. For the Magnitude of the Earth 
is ſuch, that a Degree of a great Circle deſcribed 
upon its ſurface, is nearly 60 EngHſh or 15 Ger- 
ney Miles. 

To find the Angle of Poſition, the Globe muſt 
be turn'd about till the firit of the two Places 
becomes Vertical, (which it will be, when it 
arrives at the Meridian of the Globe, being re- 
ified for the Latitude of that Place ; ) then move 
the Quadrant of Altitude faſten'd to the Vertex, 
and conſequently to the firſt Place, till it touches 
the ſecond Place ; and the Arc of the Horizon in- 
tercepted between the Meridian and Quadrant of 
Altitude, will be the Meaſure of the Angle of Po- 
ſition between the Meridian. of the firſt Place and 
the Great Circle (namely the ſaid Quadrant) 
paſſing through the two Places, becauſe the Ze- 
nith is the Pole of the Horizon. The Arc of the 
Quadrant intercepted between the two given 
Places converted into Miles, (without the help 
of the Compaſſes uſed above) will give the di- 
ſtance of the Places. But if, repeating the for- 
mer Praxis, the Angle be found, that the ſame 
Circle paſſing thro? the two Places makes with 
any number of intermediate Meridians ; (paſſing 
through for Inſtance, the ſeveral Degrees of 
the Equator ;) the Rhumbs will be determined, 
along which you are to fail to the interme- 
diate Places ſituated in the ſaid Meridians, if 
you would fail nearly in an Arc of a great 
Circle, (that is, the ſho:teſt way) through the 
given Places. 1 

13. Given the Hour of the Day according to the 

reckoning of one given Place, to find the Hour 
at that Time in another given Place; and to 
aud the Place where a given Hour is reckow'd. 

| Bring 


» 
- 
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Bod 


Bring the Place to the Meridian, and the 1 
Index to the given Hour according to the rec. 
koning of that Place, then turn the Globe 3. 
bout till the other given Place comes to the . 
Meridian, and the Index will point at the Lui 
Hour ſought. Again, bring the Meridian and 7755 
the Index to the given Hour, as before; then be 
turn the Globe till the Index points at the other ton 
given Hour; and all the Places then under the ling 
Meridian will reckon or have that given Hour of 11755 
ay. | : 1 a 
Me 5 are for calculating it, you will find i 15 
more accurately. If the two given Places are . 
under the ſame Meridian, or have the ſame Laith 
Longitude, they will alſo reckon the ſame Hour 0p 
from Noon or Midnight; But if their Longi. he 8. 
tudes differ, the difference of their Longitude * 
found by the Globe and turn d into Time, gives Pole © 
the diſtance of the Hours in thoſe Places rec- the 
koned at the ſame moment, ſo as that the Place un js 
which is towards the Eaſt reckons the greater iy 
of thoſe two Hours. Laſtly, where the diff. 7 
rence of time is given, let it be converted into "wages 
an Arc of the Equator : And this Arc will be if he 
the difference of the Longitude, which oy luteg 
added to the Longitude of the given Place, the pie 
the former Hour is reckoned at it, or ſubduCted one; 
from it, if the latter, will give the Lo ke th 
fought ; and all the Places of the Earth under Rig 
the Meridian having that Longitude, will an- Lecling 
ſwer the Queſtion. What is here ſaid of our Whote t 
Hours reckoned from Noon or Midnight, mi) Wl ,; cal, 
eaſily be applied to Italic or Babylonic, 7 even Light 
Planetary Hours, by reducing them; as was ſhewn Sun apy 
in Prob. 8. ü 8 to diſtir 
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14. To find the Place where the Sun ig vertical 
at a given time ; and all the Places where 
the Sun at that time 18 in their Horizon 
riſing 07 ſetting. 3 Ed wks 
4 Having rectified the Terreſtrial Globe for the 
Latitude of your Place and the Cardinal Points 
of the World, turn it about till that Place be- 
comes vertical; and let the Globe in this poſi- 
tion be expoſed to the Beams of the Sun, (ta- 
king away the Horizon, that hinders the Rays 
of the Sun coming, ) and at one view you will 
ſee in what Places of the Earth it is Day, and 
where it is Night; where the Sun is riſing and 
where it is ſetting. For fince the Globe and 
Earth it ſelf are fimilar in Figure and ſimilarly 
placed, they will be fimilarly enlightened by 
the Sun, whoſe immenſe diſtance may be look 
ed upon as infinite. That Place, which is the 
Pole of the Circle; marked out by the confines 
of the Light and Shade, is the Place where the 
Sun is vertical, and may be determin'd mecha- 
nically, by ſeeking the Place, where the Shadow 
of a Style erected perpendicularly upon the Sur-- 
fice of the Globe vaniſhes, or falls upon the Foot 
of the Style it ſelf. If the fame Things be re- 
quired when the Sun does not ſhine, then (b 
the preced. Prob.) find the Meridian of the Pla- 
ces where it is then Noon, and in this Meridian 
take that place of the Earth, whoſe Latitude to- 
wards the fame Pole is the ſame with the Sun's 
declination at that time; and that is the Place 
where the Sun is vertical, and if it be made ver- 
tical, the Horizon will ſhew the confines of the 
Light and Shade, of all the Places where the 
Sun appears in the Horizon; and then 'tis eaſy 
to diſtinguiſh the Places where he is riſing, from 
the Places where he is ſetting. | 
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15. To make an Horizontal Dial for a giveg 

Place by the help of a Globe. | 

Rectify the Globe (as before) for the Lati- 
tude of the Place and the Cardinal Points of the 
World : Then if beſides the Meridian, there were 
eleven other Hour Circles (that is, 24 Hour 
Semicircles) immovable, ſtanding without the 
Globe, and the whole Globe, beſides the Axis 
about which it revolves, were pellucid ; *tis exi- 
dent that the Sun placed in the Meridian would 
caſt the ſhadow of the Axis upon the other 
half of the Meridian, and placed in the Hour 
Circle one after Noon, would caſt the ſhadow 
_ of the opake Axis upon the Hour Circle of one 
in the Morning, or the other half of the ſame 
Meridian beyond the Poles, and ſo on in the 
other Hour Circles. If beſides all this, you ima- 
gine an Horizontal Plane ſhewing the ſhadow of 
the Axis caſt upon it by Reflexion, when the 
Sun is in the Meridian, the ſhadow of the Axis 
projected upon the horizontal Plane, will be in 
that part of the common Section of the Meri- 
dian and Horizon, which is beyond the Center; 
that is, in a Right Line connecting the Center 
and the interſection of the Meridian and Hori- 
zon : When the Sun is come to the Hour Circle 
of One, the ſhadow of the opake Axis projected 
upon the Horizontal Plane, will be in that part 
of the common Section of the Hour Circle of 
One and the Horizontal Plane, that lies beyond 
the Center, or which connects the Center and 


the common interſection of the Hour Circle of 


One im the Morning; and which does therefore 
contain an Angle with the Meridian or Hour 


Line of 'Twelve, that is meaſured by the Arc of 
the Horizon, intercepted between the Meridian 
and Hour Circle of One after Noon or ay = 
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And after the ſame manner the Sun, when it is 
at the Hour Circle of Two after Noon, caſts 
the ſhadow of the Axis lpon the Horizontal 
Plane in a Right Line connecting the Center 
and Interſectlon of the Hour Circle of T'wo in 
the Morning and Horizon; which therefore 
makes an Angle with the Meridian Line, that 
is medſured by an Arc of the Horizon intercep- 
ted between the Meridian and the Hour Circle 
of Two : And after the ſame manner in other 
Hour Lines upon the Horizontal Plane; every 
one of them makes an Angle with the Meridian, 
which is meaſured by an Arc of the Horizon ins 
tercepted between the Meridian and Hour Circle 
it belongs to. That a Sun-Dial therefore may be 
craun upon ah Horizontal Plane, upon any 
Point as 4 Center, let a Circle be deſcribed re- 
preſenting the Horizon of the Globe; (tor the 
Center of it repreſents the Center of the Earth, 
or in the preſent caſe, the Center of the World:) 
Thro' the Center draw a Meridian Line; that 
b, one that being produced would reach to the 
Cardinal Points of North and Sonth, and upon 
he Center erect an opakè Right Line repreſents 
ing the Axis of the World, tending to the Pole 3 
thit is, ſo as in the Plane of the Meridian td 


make an Angle with the Meridian Line equal 


to the Angle of the Elevation of the Pole above 


the Horizon of the Place. Then draw the Hour 
Line of One in the after 


Noon from the 
enter of the Circle on the Eaſtern fide of the 


Meridian Line making an Angle with it, mets 


wed by the Arc of the Horizon intercepred be- 
een the Meridian and Hour Circle of One: But 


becauſe the Hour Circles are not to be fotind iff 


lobes, let ſome certain Secondary One (for in- 


ance, one of the Colures) be pitched upon, and 


4 ﬆ let 


276 The ELEMENTS Bock Il. Bool 
ſet the Globe be ſo placed, that this aſſumed $. 
condary Circle may be inſtead of the Hoy 
Circle; that is, that 15 degrees may be inter. 
cepted between the fix d Meridian and this l — 
ſumed one; then let the degrees interceptet 
between this aſſumed one and the fix'd Meridian, 

be reckoned in the Horizon. Turn the Globe 

then, till the aſſumed Secondary Circle of Of de 


Equator corne to be in the Place of the Hoy atio 
Circle of Two in the Afternoon; that is, till 4, Sph 


degrees of the Equator be between it and the 

fix d Meridian; and the degrees of the Horizg 

intercepted between the Meridian and the 2. 0 
ſumed Circle thus poſited, being numbered, le ; 
Lines be drawn to the Eaſtern ſide of it ton The 
the Center of the Sun-dial, making Angles with given: 
the Meridian Line meaſured by the ſame Num this bei 
bers of degrees, and they will be the Hou tice of 
Lines of One and Two. And proceeding, af mined | 
the ſame manner muſt the Lines of the follow ler in + 
ing Hours be drawn, till you come to th Obſcry: 
Hour that the Sun ſets at in the Longeſt day Ml : Celef 
Where, *tis evident, that the Hour Line of ix clinatio 
a Clock is perpendicular to the Meridian Line before 
ſince in any Latitude whatever, there are vol Horizo1 
degrees intercepted between the Meridian and ole con 
the Hour Line of Six. After the ſame manneſ Plane o 
are the Angles to be determined, that the Line yens wi 
of the half Hours or any other Parts of Hour (by the 
contain with the Meridian Line upon the Hon change 
zontal Plane. Having done drawing the Hod vill def 
Lines upon one fide of the Meridian, for inne hit 
ſtance, for the Hours after Noon, the Mori the Eq 
Hour Lines are to be drawn ſo, that the Lines te and the 
preſenting the equally diſtant Hours from Noon ther $4, 
may make equal Angles with the Meridian, bull wneref 
lying on the other fide. After the like mann vhich t 
(by the help of the 13" Prob.) may a d 


If 
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lumed Se. dial be drawn upon any Plane: For any Plane is 


the Hou the Horizontal Plane of ſome Place. 
be inter. | 


d this a. —— 7 
Ater | | 

Merida er 
the Globe 
le of the 
the How 
Is, till 49 


Of determining by - Obſervation, the ſitu- 
ation and reſpect, that the Circles of the 
Sphere have to one another. 


t and the | 

e Horizon ProposITION XVI, 

d the af O determine by Obſervation, the Plane of the 
bered, let Meridian Circle in any Place. | 

pf it on The Place being given, the Horizon is alſo 
1 0 given: for that is determined by the Sight. And 
me Num- 


chis being the only one that comes under the no- 
tice of our Senſes, the others muſt be deter- 
mined by the reſpect they have to this; which 
let in the firſt Place be the Meridian. Find by 
Obſervation two Planes of Vertical Circles, that 
a Celeſtial Body, which does not change its De- 
clinat ion, is upon, when it is at the ſame Altitude 
before and after its greateſt Elevation above the 
Horizon; the Vertical Plane biſecting the An- 
gle contained by theſe two Planes, will be the 
Plane of the Meridian, and produced to the Hea- 
vens will mark out the Meridian fought. Since 
(by the ſuppoſition) the Celeſtial Body does not 
change its declination, by its Diurnal Motion it 
the Hog uin deſcribe a Circle parallel to the Equator: 
n, for u The higheſt Point there of this Circle (as alſo of 
Mornugz the Equator it ſelf) is in the Meridian Circle, 
e Lines e and the Points that are at equal Heights on ei- 
om Noo ther fide, will be equi-diſtant from the Meridian. 
ridian, Vl Wherefore on the contrary, that Circle from 
ke man which the Vertical Circles (in which the Celeſtial 
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Body was at the ſame Altitude, ) are cquidiſtan 
on both Sides, is the Meridian; that is, the 
Circle, whoſe Plane biſects the Angle contained 
by the abovementioned Vertical Circles, is the 
Meridian it ſelf. & E. I. | 

As to Practice, the following way of ſolvin 
the Problem will do well enough; Upon a Plan 
parallel to the Horizon, that is, one to which 2 

lummet is perpendicular (fince the Zenith and 
Nadir, upon which the Plummet falls when pro- 
duced, are the Poles of the Horizon, ) ere ; 
Style, about whoſe lower Extremity, as a Cen- 
ter, detcribe a Circle upon the Horizontal Plane 
and mark a Point in the Circumference of ir 
upon which the ſhadow of the top of the Style 
falls before Noon; and again that Point of it up- 
on which the ſhadow of the fame Style falls in 
the Afternoon: Then a Right Line connecting 
the Center of the Circle, and that Point which 
biſects the Arc lying between the two Points 
thus marked, is the common Section of the 
Plane of the Meridian and the Horizontal Plane, 
which is alſo called-the Meridian Line; becauſe 
its direction ſhewsthe North and South Cardinal 
Points. A Plane therefore erected upon this Line, 
perpendicular to the Horizontal Plane, is the 
Plane of the Meridian ſought. When the Ce- 
leſtial Body made uſe of in the ſolution of this 
Problem is the Sun, tis evident that it muſt be 
done, when the Sun does nor ſenſibly change 
his Declination; (for this is a neceſſary qualif- 
cation in the Celeſtial Body pitched upon for this 
Purpoſe ;) that is, when he is in one of the 
Solſtices. Becauſe theſe Obſervations are to be 
made before and after Noon, the Summer Sol- 
ſtice is to be preferred, ſince in the Winter Sol 
ſtice, by reaſon of the Sun's nearneſs to the Ho- 
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rizon, the uncertain Refractions will render the 
Operation doubt ful; and beſides, then the Sun 
aſcends and deſcends too obliquely, Changing its 
Vertical Circle much more than its Altitude; 
which is inconvenient in this Operation, where 
the Vertical Circle is to be determined by the Al- 
titude. Therefore when the Sun is in the Sum- 
mer Solſtice, a Circle muſt be draun upon the 
Horizontal Plane, ſo that the extremity of the 
ſhadow of the Style or Gnomon may fall upon it, 
when the Sun alters its Altitude pretty much, 
and his Azimuth but little; and therefore ſeve- 
ral concentric Circles are to be drawn, and the 
moſt convenient may be choſen. 

To determine the Meridian Line drawn for 
fixing your very accurate and perfect Aſtronomi- 
cal Inſtruments, - this Operation ſhould be re- 
peated, and others (to be ſeen amongſt ſeveral 
Authors) which any-one may eaſily deviſe, made 
uſe of. And this is to be underſtood of any other 
Obſervations, that are fundamental, and upon 
which a long Train of others are built. The 
longeſt Styles or Gnomons are the fitteſt for ma- 
king this Obſervation : And inſtead of the: ex- 
tremity of a ſhadow, a Hole in a large Building 
letting the Rays of the Sun paſs thro? it into the 
Xdifice, would be more proper; as Caſſini did it 
the Church of St. Petronius at Bononta. 1117 


PROPOSITION XVII. 


5 þ O determine by Obſerzation the Height of the 
Pole and Situation of the Equinoitiat, in re- 
gard of the Horizoon. 

Where one of the Poles has a conſſderable 
Elevation, [ Fig. 5.] let the greateſt and leaſt | 
Altitudes (OS) and (Os) of any Fix'd Star 
that never ſets above the Horizon VO (both of 
which happens in the Meridian,) be obſerved by 

4. an 
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an' Inſtrument fix*d in the Plane of the Meridian, 
(determined by the preced. Prop.) And P & or P; 
half the difference (Se) of theſe two Altitudes, 
js the diſtance of the Star from the Pole : There. 
fore this diſtance Ps, or PS added to the leſſer 
Altitude Oc, or ſubſtracted from the greateſt Og, 
gives OP the height of the Pole ſought. I 
the Star, when it is at its greateſt height, is ſitu- 
ated on the other ſide of the Zenith , be. 
tween Z and H; then inſtead of the greateſ Al. 
titue of the Star, you are to make uſe of its com- 
plement to a Semi-cirele, in the foregoing Cal, 
priatzon. | 
Great Care and Diligence is to be uſed | in 
making this Obſervation : For upon this are 
founded all the other Obſervations of the Sun 
an Fixed Stars, and conſequently all Aftrono- 
Such a Fix'd Star therefore is to be cho- 
— as is liable to Refraction in its leſſer Alti. 
tude ; that is, the neareſt one to the Pole pol- 
fible not coming too near the Horizon: For the 
Refraction of Stars are liable to make their Places 
obſerr ed near the Horizon uncertain 5 8s ſhall be 
thewn hereafter. :: | 
If neither of the Poles be elevated enough 2. 
en the Horizon, then the thing is to be done 
by the Meridian Altitude of a Star, whoſe De- 
clination is known ; as ſhall be ſhewn in the 
Corollary to the following Propoſition. And in 
moſt Places, where bur few 'Obſervations are 
__defign'd to be made, this Method is uſually ta- 
ken. But fince the Obſervation of the Declins 
tion of the Stars, depends upon the knowledge 
of the height of the Pole, tis more proper to la 
down ſuch a manner of obſerving the latter a3 
does not depend upon the former; which alſo 
muſt neceſſarily be uſed by all cautious Obſer- 
der that deſign to determine the Places 5 the 
Starz 
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Stars, and without truſting the Obſervations of 
others at all, altho* repeated. 1 | 

Ihe height of the Pole being found, the Alti- 
tude of the Equator, or HE the Arc of the Me- 
rician intercepted between the Horizon HO and 


to a Quadrant. The fituation therefore of the 
Equator in regard of the given Horizon HO, is 
determined ; For it interſects it in the Points of 
the true Eaſt and Weſt, which are marked out 
by a Right Line perpendicular to the Meridian 
(tound by the preced. Prop.) and the Plane of it 
is inclined to the Plane of the Horizon by an 
Angle, whoſe meaſure is the Arc HE juſt now 
found. fat 
. SG HOLILU 15 
By the help of theſe two Propoſitions the mag- 
If a Journey 
made along the Meridian (drawn by Prop. 16.) 
be exactly meaſured, and by an Obſervation of 
the Altirudg of the Pole made at the beginning 
and end of the Journey, the Ratio of the inter- 
cepted Arc of the Terreſtrial Meridian, to the 
entire Meridian be determined; then the Cir- 
cumference of the entire Terreſtrial Meridian 
will not be unknown: And conſequently, the 
Earth's Diameter, and from thence (by Geome- 
try,) its Surface and Solidity will be known. 
Moreover, becauſe a Journey, in this Operation, 
taken under any Meridian, or the length of the 
Way, is every where very nearly proportional to 
the Alteration of the Elevation of the Pole by Ob- 
ſervation ; *tis evident that the common Section of 
the ſurface of the Earth, and of the Plane of any 
Meridian, is a Circle, and conſequently that the 
Em I 


| wi cos 


L 
1 
1 
14 
= 
® p 
pM 8 
4 
28 
7 
Sl, 
2 
2 
* 0 
2 
| 
4 
- = 
i q 
1 
y ; 
bs d 
a” ? 
5 | 
. 
I'd 
þ N 
} 


1 IK 
4 * * "VI —— 


282 The ELEMENTS Book II 


Figure of the Earth is ſpherical. We do not 
here conſider the little Elevation of the Earth at 
the Equator, (concerning which we have ſpoken 


in Prop. 3 1. B. 1.) as being inſenſible in the be- 


fore-mention'd Operation. 


PRO POSITION XVIII. 
O obſerve the Declination of any Cileftial 
Body. 1 
Let the Meridian Altitude of the Star propo- 
poſed be obſerved. If the Star be in that Qua- 
drant ZH of the Meridian | Fig. 6.] wherein 
the Equator EQ interſects the Meridian, as at; 
then the difference of the Altitude of.the Equator 
HE and of the Altitude of the Star He (namely 
Eo) is the Declination of the Stgr ſought. 
But if the Star be in the Quadrant ZO of the 
Meridian, in which the Pole P is, as in 5; 
then the difference of the Altitude of the Pole 
P, and of the Altitude of the Star O, (namely, 
PS,) or the diſtance of the Star from the Pole, 
is the Complement of the Declination ſought, 
Q, E. I. | 139 7 
We add nothing at all here about the actual 
making the Obſervations and the Conſtruction 
of the Inſtruments, in which the chief Diffi- 
culty of theſe things conſiſts. For we ſuppoſe 
the Maker very well verſed in Practical Geometry, 
Mechanics and Optics. And it is evident that it 
will be moſt commodious for any one that: is 
about to determine the Places of the Fix'd Stars, 


to have a Quadrant, or rather a Semi-circle, en- 


tirely immovable in the Plane of the Meridian, 
and divided into Degrees, and their leſſer Parts 
according to Art, and an Index moving upon 
its Center, furniſhed with Teleſcopic Sights, 
for the ready meaſuring the Meridian Altitude of 


any Star, when it comes to the Plane of the Me- 
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ridian: For this Obſervation of the Declination 
of the Stars is of great uſe in correcting their 


Places. ET 4 
COROLLART. 

As the Declination of an Heavenly Body 
is found by having the Elevation of the Pole or 
Equator, and the Meridian Altitude of the Ce- 
leftial Body given; ſo, on the contrary, the 
Elevation of the Pole or of the Equator may be 
had, by having the Meridian Altitude and De- 
clination of the Star given. For in the Quadrant 
Z EH, the ſum or difference of the Arcs Ha, 
Es, gives the Elevation of the Equator HE. 
But in the Quadrant Z PO, the ſum or difference 
of the Arc's O Sand PS, gives the Altitude of the 
Pole. ; 7 Ty 


PROPOSITION XIX. 


O obſerve the Inclination of the Ecliptic to the 
Equator, or to find the Obliquity of the Eclip- 
tic, and to determine its Situation, aud conſequently 
that of the Culures, Tropics and Polar Circles, in 
reſpec? of the Eguator. 06 
Let the Sun's Declination be daily obſerved 
about both Solſtices : (by the, preced. Prob.) 
This, where it is the greateſt, is. the Obliquity 
of the Ecliptic ſought. For ſince the Ecliptic is 
the way of the Sun, therefore the greateſt Pecli- 
nation of the Sun is equal to the Obliquity of the 


Ecliptic it ſelf ,, and conſequently the one being 


obſerved, the other is alſo obſerved. ( E. F. 
But ſince the Declination of a Celeſtial 


Body can't be } obſerved, excepting when the 


Star is in the Meridian; if the Solſtice ſhould 
happen to be celebrated when the Sun is not 
in the Meridian of the Obſerver, (which will 
generally happen) there will be ſome Error; 
but ſo ſmall as to be not worth regarding. 

=} or 


. 
N 


— 


eG» 


— — 
* OE Ea — 


. 
. U 
1 

o 
* 
4 
-4 

x 
1 

* 
* 


< mw 
— hr 0 8 a i Z A 
4 þ 2 n _ — —_— 2 * - 
* os 
— + — 
1 


, = 1 3 
——_ — „ i re ne en RI nr ——— — ANI ern owe es — en TO T 


in $<C * — 
5 A T a + Ex $7 OL 
_—_— 2 i A rg ͤ — 
4 


there is a ſenſible difference obſervable between 
* b the 


284 The ELEMENTS Book Il. 


For we gave Inſtructions that the Declination 
ſhould be taken any Noon; and conſequently the 

reateſt Error will be when the Solſtice is cele. 
brated at Midnight; that is, at that Point of 
time which is moſt remote from Noon. The 
Error therefore, when it is greateſt, will be 
equal to what the Sun's Declination 12 Hours 
before or after the Solſtice wants of its greateſt 
Declination: But this does not ariſe to above 
four Seconds; tho' the Obliquity it ſelf is no: 


determined to a Minute, or even two, by Artiſts 


themſelves. That if the Solſtice is to be choſen, 
in which the Sun may be beſt obſerved without 
any danger of Error, which in theſe Regions 
near the North Pole let it be the Summer Solſtice; 
becauſe the Sun in the Winter Solſtice, even at 
Noon it ſelf, is not out of all danger of Refra- 
ction ; which is a matter of very great moment 


in this kind of Obſervation. There are ſome 


Places, whereat to find the Obliquity of the 


'Ecliptic, it may be adviſable to ſubſtract the Me- 


ridian Altitude of the Sun, when in one of the 


Solſtices, from its Meridian Altitude in the other, 


if the Sun in both Caſes be on the ſame fide of 


the Zenith ; but- if on different ſides, from the 


Complement of the latter Meridian Altitude to a 
Semi-cirele, to have the diſtance of the 'Tropics 
remaining, half of which is the Obliquity ſought. 

To get the Obliquity of the Zodiac with great 
exactneſs; Obſervations continued for ſeveral 


Tears, ſays the skilful and induſtrious Hevelins, 


and ſuch as are compleat on all accounts, taken 
very large and accurate Inftruments, and 


ſuch as may be depended upon, are neceſſary. 


And upon this account it is that now-a-days, 
when Inſtruments are both great and accurate- 
ly divided and furniſhed with Teleſcope Sights, 
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the Obliquities of the Zodiac. ſet down by diffe= 
rent Artiſts. For Hevelius makes it 23948. 30. 
20. The ſame does Rzcciolus in his Reformed 
Aſtronomy. Mouton, who has writ almoſt an en- 
tire Book upon this Argument, after ſeveral re- 
ated Obſervations, chuſing the middle between 
the Extremes, fixes upon 2381. 30 as Ricciolus 
in his Almageſi does from ſome ſelect Obſerva- 
tions: This is what Mr. Street alſo, in his Afro 
„ini Carolina, ſets down, and moſt Aſtrono- 
mers now make uſe of. Notwithſtanding Mr. 
De la Hire, in his Aftronom. Tables, Part fin, of 
the Motions of the Sun and Moon, makes it an en- 
tire Minute leſs; namely, only 23. 29', and that 
from Obſervations near the Zenith, and out of 
all danger from Refraction. 
And were the judgment of the Ancients about 
this Matter conſulted, ſo great a difference would 
be found between the Obliquity obſerv'd by them 
and that taken from the Heavens now, that ſome 
Authors have thought it to have other Changes, 
beſides their Change made in it twice a Year ; 
which we don't here diſpute about, becauſe almoſt 
inſenſible : Since from the time of Ariſtarchus the 
Sainian, who flouriſhed near 300 Years before 
Chriſt, it was reckon'd to. be about 24% : But 
in Ptolemy's time, about 140 Years after Chriſt, 
not above 23. 51'. And again, in All ategnius's 


time, near goo Years after Chriſt, only 238*. 3 5. 


And Hebo, by his Obſervations, makes it to be 
but 230. 31“, 30“. Yet the moſt induſtrious Ob- 
ſervers of the preſent Age will have it, notwith- 
ſtanding, to be conſtant ; namely, Gaſſendus, Ric- 
ciolus, Hora, and Hevelins, who does not think, in 
his Prodromus, that we ought to depend ſo much 
upon their Obſervations, ſince they did not make 
uſe of the beſt Inſtruments, nor proceed after the 
Morteſt Method. Nay, ſome of the Ancients, 

| and 


* 


286 The ELEMENTS Book II. 


and Ptolemy himſelf, in his Almageſt, think ſo 
too; Albategnius, for the ſame Reaſon with 
Hevelins, prefers his own Obſervations to thoſe 
of the Ancients. And Gaſſendus, in the Life of 
Peireskius, ſhews, by ſome Obſervations of his 
own making, that the Obliquity of the Zodiac is 
the ſame now-a-days, as it was in the time of 
Alexander the Great ; becauſe he found, by an 
Obſervation made at Marſeilles by himſelf, that 


the Ratio of the Gnomon to its ſhadow at Noon 


in the Summer Solſtice, was the ſame with that 
obſery'd in the ſame City at the ſame time of the 
Year by Pytbeas Maſſilienſis. 
Again, the Points in the Heavens, where the 
Ecliptic interſects the Equator, are thoſe in which 
the Sun appears when the Days are equal to the 
Nights to an Obſerver; to whom either of the 
| Poles is elevated above the Horizon. Therefore 
the ſituation of the Ecliptic is ſuch, that it cuts 
the Equator in the ſaid Points, and is inclined to 
the Equator in the Angle above determined, one 
half of it being towards the North Pole, in which 
the Sun is, when the Days are longer than the 
_— to the Inhabitants of the Northern He- 
miſphere of the Earth. The ſituation. of the E- 
cliptic being given, the fituation of the 'Tropics 
is immediately given ; becauſe they are parallel to 
the Equator, and touch the Ecliptic, and are as 
far from the Equator, as is the Magnitude of the 
Obliquity of the Ecliptic, and the Polar Citcles 
are as far diſtant from the neareſt Poles. The 
ſituation of the Colures is deduced from hence, 
for they paſs thro* the Equinoctial and Solſtitial 
Points found before, and interſect one another at 
right Angles in the Poles already determined by 
Obſervation. bs 
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| PxoF03ITLOMF KA. 
HE Obliquity of the Ecliptic being given, to 
fiud by Calculation, the Right Aſcenſion and 
Neclination of a given Point iu it, as alſo the Angle 
that the Ecliptic makes with the Meridian at the 
(aid Point. And contrarywiſe to define the Point of 
the Ecliptic, to which one of theſe agrees, and con- 
ſequently to determine the Place of the Sun in the 
Ecliptic, by an Obſervation made in Prop. 18. 

Let EQ | Fig. J.] repreſent the Equator, whoſe 
PoleisP; EL the Ecliptic; E one of the Equi- 
noctial Points; L a Point given in the Ecliptic, 
thro* which let a Circle of Declination, as PLS 
be ſuppoſed to be drawn. In the. ſpherical Tri- 
angle EL Q, there is given the fide EL, namely 
the diſtance of the Point given from F, and the 
Angle EL, the Obliquity of the Ecliptic ; the 
Angle Q alſo is given, namely, a right one, be- 
cauſe P is the Pole of the Circle E &. The ſide 
L therefore will be found (by ſpherical Trigo- 
nometry,) which is the Declination of the Point 
L ſought, and is North or South, according as 
the adjacent Pole is: In like manner the fide EQ 
will be found, which (according to the ſituation 
of the Point L in this or that Quadrant of the 
Ecliptic, and the nature of the Point E) will be 
either the Right Aſcenſion ſought, or its Com- 
plement to a quarter, or half, or three quarters, 
or an entire Circle. For the Angle QLE that 
tne Ecliptic makes in the ſaid Point with the Circle 
of Declination or Meridian is given. The con- 
verſe of this is done after the like manner : Yet 
we are to take Notice, that there are two Points 
of the Ecliptic, whoſe Declination towards the 
given Pole is the ſame ; and therefore ſome one 
Determination is neceſſar p. 
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| "SECTION. V. 

Of the Fix*d Stars, and the determining 
their Places by Obſervation, and (ome 
other things that belong hereto. 


ProvostTION XXI. 
O explain the ſeveral Orders of the Fix 
Stars, into which they are divided on account 
of tbeir different apparent Magnitude ; aud to give 
an account of this difference. 2 | 
In ſome of the preceding Propoſitions we have 
laid down the Method, whereby the Poſition of 
the chief Circles of the Sphere are determined 
in reſpe&t to the ſenſible Horizon; wiz. of 
the Meridian, Equator, Zodiac, both Colures, 
Tropics and Polar Circles: We ſhould noy 
ſhew the way, how the Places of the Fix 
Stars in reſpect of theſe Circles are to be found 
But before that, we muſt ſay ſomething about the 
Fix'd Stars themſelves, and their Difference and 
Order. 

And firſt, there appears a vaſt Difference a. 
mong the Fix'd Stars as to their apparent Mag- 
nitude and the Efficacy of their Rays, to any one 
that ſhall but look up to the Heavens in a clear 
Night when the Moon does not ſhine. On this 
account Aſtronomers have made fix Claſſes, or 
Orders of them, the greateſt of which they call 
Stars of the firſt Magnitude ; the leaſt, Stars of the 
fixth, and the intermediate ones in the ſame Or- 
der. Some make the Difference to lie in the real 
Magnitude of the Stars, aſſerting ſome of them 
to be really bigger than others, while they are 


all equally diſtant ; becauſe placed according to 
them 
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them in the ſame ſpherical Surface : Others fol- 
lowing the Ancients, make their different diſtance 
to be the cauſe of their differnt Magnitude. 

And this Opinion is very much favoured by 
the Number of the Fix'd Stars of the firſt and 
ſecond Magnitude. For if every Fix'd Star 
did the Office of a Sun, to a Portion of the 
Mundane ſpace nearly equal to this that our 
Sun commands, there will be as many Fix'd 
Stars of the firſt Magnitude, as there can be 
Syſtems of this ſort touching and ſurrounding 
ours; that is, as many equal Spheres as can touch 
an equal one in the middle of them. Now, 
tis certain from Geometry, that thirteen 
Spheres can touch and ſurround one in the 
middle equal to them, (for Kepler is wrong 
in aſſerting, in B. 1. Epit. that there may be 
twelve ſuch, according to the Number of the 
Angles of an Tcoſaedrum,) and juſt ſo many un- 
controverted Stars of the firſt Magnitude are ta- 
ken Notice of by Obſervation. For Aſtronomers 
have not as yet agreed upon their Number : 
Hevelius reckons the bright Star in the Eagle's 
Moulder of the ſecond Magnitude, whereas Tycho 
made it of the firſt ; and on the contrary Hevelius 
makes the little Dog and the right Shoulder of Orion 
of the firſt Magnitude, and Tycho of the ſecond. 
= there are others that Hevelius himſelt doubts 
of OE 

Again, if it be ask'd how many Spheres equal 
to the former can touch the firſt Order of Spheres, 
ſurrounding the Sphere placed in the beginning, 
(or rather a Sphere comprehending thoſe former 
thirteen rogether with a fourteenth in the Center;) 
the Number of theſe will be found to be 52, or 
4*13. For the Centers of theſe Spheres of the 
ſecond Order are in a ſpherical Surface, which is 
Quadruple of that in which the Centers of the 
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Spheres of the firſt Order touching the in moſt 
are, ſince the Diameter of the one is the double 
of that of the other; and nearly as many Fixd 
Stars of the ſecond Magnitude have been taken 
Notice of; Hevelius making them to be about 50; 
Kepler (following Tycho,) 58; and Ptolemy not 
above 45; now we aſſume a Medium between 
them: For there is a greater Difference among 
Aſtronomers about Stars of the ſecond Magnitude 
than about Stars of the firſt. Nor will there be 
any great Difference from Obſervation in deter. 
mining the Number of the Fix'd Stars of the 


other Magnitudes according to this Method, | 


For the farther Conſideration of this Matter, it 
only remains that we ſhew, that there is the ſame 
Order obſerved among the Fix'd Stars of the firſt 
Rank, as there 1s between the central Bodies of 
the Spheres touching and ſurrounding the inmoſt 
Sphere (near whoſe Center the Eye is placed ;) 
and the ſame between the Fix'd Stars of the ſe- 
cond Magnitude, as there is between the central 


Bodies of the Spheres {ſecond in order from theſe; 


and ſo on. And here indeed the Matter does not 
go on ſo well, (which made Kepler of another 
Opinion, ) as is evident even from hence, that 
upon the firſt caſt of our Eyes upon the Heavens, 
ſome Tracts of the Firmament appear filPd with 
innumerable Fix'd Stars, whereas others are found 
to be almoſt empty and void of any. 

But there is no great Error committed in the 
Order of the Stars of the firſt and ſecond Magni- 
tude, as will appear to any one that makes 4 
Compariſon : For there are fix Stars of the firſt 
Magnitude in the Zodiac, three to the North, 


and four to the South, nearly, as it ought to be 


according to this Theory. 
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2 PRO PYOSHTION XXII. 

y Fix d No enumerate the Conſtellations, into which the 
taken Fix'd Stars are diſtributed by Aſtronomers. 
out 50; The Ancients either following the Shape of 


emy not Figure of the Diſpoſition the Stars appeared in, 
etween or led by Religion, have diſtributed all the Fix d 


among stars viſible in our Temperate Zone, into 48 
gnitude Images: Twelve of which are ſituated along the 
dere be whole length of the Zodiac, and give Names to 
deter- its Dodecatemories: And there are in the Nor- 
of the chern half, Aries, Taurus, Gemini, Cancer, Leo 
Hethod. and Virgo; and in the Southern, Libra, Scorpio, 
itter, it Sagittarius, Capricornus, Aquarius and Piſces. 


he ſame The other Images are placed in the Hemiſpheres 


the firſt ſeparated from one another by the Zodiac: being 
odies of 21 in the Northern, v#z. the little Bear, the 
inmoſt great Bear, Draco, Cepheus, Bootes, the Northern 
laced ;) Crown, Hercules, Lyra, Cygnus, Caſſiopeia, Per- 
the ſe- ſeus, Andromeda, the Triangle, Auriga, Pegaſus, 
central Equulens, the Dolphin, Sagitta, Aquila, Serpenta= 
n theſe; rius, Serpens. To theſe were afterwards added 
loes not the Conſtellations of Antinous made out of the 
another unformed ones near Aquila, between it and Capris 
ce, that corn and Sagittary, and of Coma Berenices out of 
leavens, the unformed near the Lyons Tail. Ptolemy 
Pd with makes Antinons belong to Aquila, and Equuleus to 
re found WF Pegaſus. On the Southern of the Zodiac there 


are 15 Conſtellations: known to the Ancients, 

in the namely, Cetus, Eridanus, Lepus, Orion, the great 

Magni- WW Dog, the little Dog, the Ship Argo, Hydra, the 

nakes 2 Cp, Corvus, the Centaur, Lupus, Ara, the Sous 
the firſt thern Crown, and Piſces Auſtrinus. 13 

North, To theſe are lately added 12 Conſtellations, that 

ht to be are inviſible to us, being near the South Pole, vis. 

the Phenix, Grus, Pavo, Indus, Apus, the South 

Triangle, Muſca, Chameleon; Piſcis volaus, Toiican, 

P Ro- er Anſer Americanus, Hyarus, Xiphias or Dorado. 


U 2 There 
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There are ſome other Stars, which are not within 
the Compaſs of the Images deſcribed, -or reduci- 
ble to them, theſe therefore they call Cufornied; 


and out of theſe, ſome of the more conſiderable 
Obſervers of the Fix'd Stars, make now and 


then ſome new Conſtellations, and give them 


proper Names. Thus the accurate Mr. Edmuyg 
Halley, who firſt of all obſerved with exaQneſ 
the Stars near the South Pole, while he was at 
St. Helena, has taken this Liberty, in forming 1 
new Conſtellation into the Image of an Oak, out 
of the unformed Stars that lie between the Ship 
Argo and the Centaur, and conſecrated it under 
the Name of Robur Carolinum, or the Royal Oak, 
tranſlated into the Heavens in perpetual Memory 
of the Preſervation of King Charles II. in the 
hollow thereof. So Bartſchins, in his Globe of 
four Foot Diameter, has two other new Conſtel- 
lations, the Camelopard, and the Monoceros, that 
Hevelius retains. 

But Heveling himſelf has gone farther in this 


Matter, and has made up more new Conſtella- 


tions out of the unformed ones, than any of the 
Moderns beſides, as is evident from his Firma- 
ment ; where he has placed Leo minor between 
Leo and Urſa major, and Lynx between Urſa 
major, and Auriga above Gemini; the Canes Vena- 
tici after Urſa major and under its Tail; ſo that 
what to Tycho was an unform'd Star between the 
Tails of Helice and Leo (afterwards calPd Car 
Caroli by the Engliſh,) by Hevelius is ſaid to be 
in Aunuli Armilie Chare, or Collar of Chara ; the 
Lacerta or Stillio- between Andromeda and Cyg- 
nus ; the Sextans Uranie between Leo and Hy- 
dra; Scutum Sobieſciannum between Aquila and 
Serpentarius ; Vulpecula cum Anſere, between 
Aquila and Lyra under Cygnus ; Triangulun mi- 
uus between Triangulum Boreale and the Head 
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of Aries. He has altered ſome of the ancient 
Conſtellations a little, and added others to them; 
as he has armed Antinous with a Bow and Arrow, 
who was before unarmed, and placed Cerberus a- 
bovethe bending of Hercules's left Arm, and Mons 
Menalus under the Feet of Bootes. The Con- 
ſtellations are ſet in the Places deſcribed, as a 
Continuation of the ancient Fables of the adjacent 
Conſtellations, leſt he ſhould break too much in 
upon or diſorder the Rules and Judgments of the 
Aſtrologers, or to perpetuate the Memory of 
ſome noble Action. ' 

Others. again are for giving the Stars new 
Names, ſuch as are Chriſtian ones; a Specimen 
of this we have in Venerable Bede in the ſigns of 
the Zodiac; and Julius Schillerus has continu'd 
in his Cælum Stellatum, or Starry Heaven, pub- 
liſhed in the Year 1627. This Deſign has been 
very juſtly diſapproved of by Copernicus, Tycho, 
and Hevelius in his Firmament, and other Aſtro- 
nomers, who think the ancient Names ought to 
be retained, for fear of Confuſion, and by De- 
grees loſing the ancient Aſtronomy. For by 
this Method, which has been convey'd down to 
us from the Original of Aſtronomy, we obtain 
what was of the greateſt Importance in this 
Matter; namely (as Copernicus ſays) that jo vaſt 
a Multitide of Stars might be diſtinguiſhed into 
Parts, and that theſe may have ſome Names to ebe- 
preſs them by. ED 

The Via Lactea, or Milky Way, comes under 
this Head of Conſtellations; for the preſent Age 
has found it be a Collection of innumerable little 
Fix'd Stars, which ſome of the Ancients believed, 
as Manilius informs us: *Tis a broad Circle white 


like Milk, compaſſing the whole Heavens; ſome- 


times in a double, but generally a ſingle Path, 


paſſing thro* Caſſiopeia, Perſeus, Auriga, the 


U 3 Feet 
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Feet of Gemini, Orion's Club; the fore Parts of 
Monoceros, the Tail of Canis Major, Argo Na- 
vis, Robur Carolinum, Crux and Peet of the 
Centaur; after which, it is divided into two 
Parts, over-againſt Ara; its Eaſtern Part paſſes 
thro Ara, the Extremity of the Tail of Scorpio, 
the Eaſtern Foot of Serpentarius, the Bow of 
Sagittarius, Scutum Sobieſcianum, the Feet of 
Antinous and Cygnus, where its greateſt Part 
Joins the other: But the Weſtern Part paſſe 
thro* the former Part of the Tail of Scorpio, the 
Right of Serpentarius and Cygnus ; and ends its 
Courſe in Caſſiopeia, where Manilius begins the 
Deſcription of it, There are other leſſer Divi- 
viſions of the Galaxy, the which may be ſeen 
in Hevelius's Firmament. There are alſo two 
Nubecula ſomewhat reſembling the Milky Way, 
ſituated near the South Pole, inviſible in Europe, 
and called by Sailors, the Magellanic Clouds, 
are exactly like the whiteneſs of the Galaxy, as 
Mr. Halley aſſures us; and being view'd by 2 
Teleſcope, they preſent us here and there with 
little Nebulæ, and ſmall Stars. The greater of 
theſe two is ſituared between Hydrus and Dorado, 
the leſs between Anſer Americanus or Toucan 
and Hydrus. 


PRroPosSITION XXIII. 


HE Theory of the Sun and a Pendulum Clock 
being given, to determine the Right Aſcenſion 
of the Fix*d Stars by Obſervation. 

' Having explained the Difference of the Fix'd 
Stars, as well according to their apparent Magni- 
tude, as according to the Figure of the Conſtel- 
| lations, into which they are commonly divided; 
What remains is to ſhew the Method of deter- 
mining the Place of any of them, in regard of 
the Circles of the Sphere, whoſe ſituation e. 
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been determined before; and firſt in regard of 
the Equator 3 for which purpoſe, we have thewn 
how to obſerve the Declination of any one of 
them in Prop. 18; it remains therefore that we 
find the Right Aſcenſion : But, becauſe the be- 
ginning of the Equator, from whence the Right 
Aſcenſion of the Stars is reckoned, is where it 
interſects the Ecliptic ; in which, though the 
Sin be found once a Year, v7z. in the begin- 
ning of our Spring, yet it preſently departs 
from thence, and leaves that Point obſcure or 
mark'd out by no appearance that may come 
under the Cognizance of our Senſes ; and laſtly, 
ſuch an one as that the Aſcenſion of the Stars 
can't be immediately deduced from 'thence by 
Obſervation ; ſome Phenomenon therefore is 
to be pitch'd upon, whoſe Right Aſcenſion is 
given every Moment, that the Right Aſcenſions 
of others may be obſerved from this. And of 
all others, the fitteſt for this purpoſe is the Sun, 
becauſe its Motion is the moſt ſimple, and its 
Right Aſcenſion is quickly found, by Prop. 20. 
its Place in the Ecliptic being given. If its 
Theory therefore be given, that is, if its Place 
in the Ecliptic at a given Time be given, and a 
Clock alſo whoſe Index moves round equably, 
the Right Aſcenſions of the Fix'd Stars may be 
thus obſerved. | 25 
Firſt, let the Clock be order'd ſo, as that the 
Index may go over the 24 Hours, during the 
Time that any Fix'd Star, departing from the 
Meridian, returns to it again, which is a little 
leſs than a natural Day. Then let the Index of 
2 Clock thus order'd be. ſet to twelve a Clock, 
when the Sun is in the Meridian, and obſerve 
the Hour the Index points to, when the Fix'd 
Strr, whoſe Right Aſcenſion is ſought, comes to 
tae Meridian, Let theſe Hours and Parts ba 
WS turn'd 


- 
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turn'd into Degrees of the Equator and their Part; 
as was ſhewn before: And you will have the Dif. 
ference between the Right Aſcenſions of the Fix d 
Star and the Sun ; this added to the Right Af. 
cenſion of the Sun, gives the Right Aſcenſion of 
the Fix'd Star ſought. | | 


7.1f, inſtead of the 24 Hours in the Clock 


ted to the diurnal Motion of a Fix'd Star 
there are placed 369 -Degrees, and their Sers. 
geſimal Parts, and if, while the Sun is in the 
Meridian, the Index be placed to the Number of 
Degrees and Minutes, the Right Aſcenſion «f 
the Sun then conſiſts of; it will then point at the 
Right Aſcenſion of the Fix'd Star, without any 
1 Reduction, whenever it arrives at the Me- 

ridlan. | | | | 


| PROPOSITION XXIV. 

HE Declination and Right Aſcenſion of one 
1 Far, and the Declination of another, together 
with their Diſtance, being given, to find the Right 
Aſcenſion of the latter ; and vice verſa, to find the 
Diſtance of two Stars, whoſe Right Aſcenſious and 

Declinations are given. | 
Let ES repreſent the Equator, [Fig. 8. ] whoſe 
Pole is P; and the Stars 4 and B, whoſe Decli- 
nations CA, DB being given, their Comple- 
ments alſo are given, or the Diſtances from the 
Pole, namely PA, PB, and, by ſuppoſition, 
the Diſtance AB of the Stars is given, Where- 
fore in the Triangle AP B, the ſides being gi- 
ven, the Angle AP B will be found, and conſe- 
quently its Meaſure the Arc CD; namely, the 
Difference of the Right Aſcenſions of the Stars 
A and B, which therefore added to, or ſubſtra- 
cted from the Right Aſcenſion given of one of 
them, (according as the Circle of Declination 
paſſing thro this, is to the Eaſt or the Weſt ” 
the 
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the Circle of Declination paſling thro* that,) gives 
the Right Aſcenſion ſought of the other. 1 
And on the contrary, the Right Aſcenſions of 
the Stars A and B being given, C D their diffe- 
rence is alſo given; that is, tte Angle of CP B, 
whoſe Meaſure that Arc is: And in the Triangle 


PB, the ſides PA, PB, the Complements of 


the given Declinations, together with the inclu- 
ded Angle 4PB are given; the other Angles 
will conſequently be found, and the fide AB the 
diſtance of the Stars ſought. i 

After the like manner you may find the com- 
puted Diſtance of two Places in a great Circle in 
the ſurface of the Earth, whoſe Longitudes 
and Latitudes are given, and the Angles 
which that great Circle (which anſwers to 
the common Celeſtial Azimuth) makes with 
both Meridians. 


PROPOSITION XXV. 5 
O determine by Obſervation the Right Aſcen= 
ſion of a given Star, by a Phenomenon viſible 
ty Day and Night © © n 4:29 4 II 
- Let the Declination of the Phenomenon, vi- 
ible by Day Night, be obſerv'd (by Prop. 18.) 
and the Diſtance as well from the Sun as trom a 
Star ; the latter in the Night, and the former in 
the Day. From the Declination of the Phæno- 


menon, the Diſtance from the Sun, and the 


Sun's Place, the Right Aſcenſiof of the Phæno- 
menon may be deduced, by the preceding Pro- 
blem; from that and the obſerv'd Declination of 
the Star and Diſtance from the Phænomenon be- 
ing obſerved, the Right Aſcenſion of the Star 
ſought may after the ſame manner be found. 


REF. | 
40 Ho- 
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SCHOOL IU A 


The Ancients, who had not an accurate Mea. 


ſure of Time, (ſuch as Prop. 23. requires, their 
Hour-Glaſſes, which were the Inſtruments they 
made uſe of, being too fallacious,) ſought after 
the Places of the Fix'd Stars by the Moon, taking 
the Diſtance of the Moon from the Sun, com- 
puted according to the Equator or Ecliptic a-days, 
and the Diſtance of a Star trom the Moon a-nights, 
from whence they concluded upon the Diſtance 
between the Star and the Sun, and conſequently 
(by the Sun's Theory) the Diſtance of the Star 
from the beginning of the Ecliptic. 
The Moderns, inſtead of the Moon, uſe Ve- 
nus, becauſe its Diameter. being leſs, will make 
the Error leſs in obſerving the Diſtance ; and al- 
ſo becauſe the Moon's Place comes often to be 
obſerv'd by the Places of the Fix'd Stars firſt cor- 
rected, that its Theory may be corrected, which 
is not as yet accurate, eſpecially about the Qua- 
dratures, which were the times that the Ancients 
made theſe Obſervations in ; and alſo becauſe the 
Motion of Venus is neither ſo ſwift, nor ſo un- 
certain. Therefore it will be beſt to obſerve Ve- 
nus in its greateſt Elongation from the Sun, when 
its Motion is nearly equal to that of the Sun; 
and when by reaſon of their Elevation the Sun 
and Venus are leaſt obnoxious to Refraction. 
In making theſe Obſervations, ſpecial Care muſt 
be taken to rep᷑᷑at them, as well when Venus is 
to the Eaſt of the Sun, as when it is to the Weſt, 
ſo that by theſe different Obſervations conſpiring 
to determine the ſame Place of the Fix'd Star, 
the true Place may be at laſt certainly had. Ric- 


ciolus is for uſing Sirius inſtead of Venus, which, 


as he ſays, ſhines ſo bright, as about the Equinoxes 
it is viſtble above eight Minutes before Sun-ſet in 
| March, 


a 


March, 
Regul: 
naked 
by the. 


of Scie 
bove 
ma) 
Fix ds 


55 
over th 
by 0⁰ 
clinati 
Let 
HAO 
ERS 
thro 
Circle 
to be 
given 
vatio! 
plem 
Ang] 
muth 
Com 
of tl 
2 P. 
Arc 
the 
Mer 
the 
and 
But 
ſides 
ſam 


the 


ook IT, Book II. of ASTRONOMY. 299 


March, and after Sun-riſe in September. But both 
ate Mea. Regulus and Arcturus have been obſerved by the 
es, their naked Eye in the Meridian, while the Sun ſhone, 
Nts they by the Aſtronomers of the French Royal Academy 
zht after of Sciences, even when the Sun was elevated a- 
» taking WM yove the uncertain Limits of Refraction: Which 


n, com- may be done every Day in any of the brighter 
c a-days, Fix'd Stars by the help of the Teleſcope. 
-nights | 
ift PROPOSITION XXVI. 
quently HE height of the Pole, Hour from Noon, ang 
the Star Place of the Sun being given, aud if more. 
over the Altitude and Azimuth of a Star be known 
uſe Ve- by Obſervation, to find the Right Aſcenſion and De- 
1 make dination of that Star. 
and al. Let PZ HO repreſent the Meridian; [ Fig. 9. 
to be HAO the Horizon, whoſe Pole is the Zenith Z; 
rſt cor ER the Equator, whoſe Pole is P; & the Star, 
which thro! which we are to imagine the Vertical 
e Qua- Circle Z SA, and Circle of Declination PSR 
Lclents to be drawn. In the Triangle SZ P, there are 
uſe the given the fide Z P, the Complement of the Ele- 
o UNe vation of the Pole O P, the fide Z C, the Com- 
e Ve- plement of the Altitude A of the Star, and the 
when Angle S Z P, that the Arc AO, given by the Azi- 
Sun; muth, meaſures ; therefore the ſide P, the 
Sun Complement of the Arc R, of the Declination 
tion. of the Star ſought is found ; as alſo the Angle 
muſt ZPS, and conſequently its Meaſure, viz. the 
us is Arc ER. But the Hour of the Day being given, 
Veſt, the Arc of the Equator intercepted between the 
ring Meridian and Circle of Declination, drawn thro' 
Star, the Sun, is alſo given, and conſequently the Sum 
Ric- and Difference of the given Arcs are given. 
lich, But this Sum, if the Sun and Star be on different 
cs ſides of the Meridian; or Difference, if on the 
t in ſame, is the Difference of the Right Aſcenſion of 
cl the Sun and Star. | 


| 0 And 
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And the Sun's Place being given, its Rigit 
Aſcenſion (by Prep. 20.) is given ; conſequent 
the Right Aſcenſion of the Star ſought is al 
become known. 3 | | 


 PRoPOSTTION XXVII. 
F O find the Longitude and Latitude of a ging 
Star. | FE 

In Figure 10, let ES, repreſent the Equator 
whoſe Pole is P; EC the Ecliptic, whoſe Pole is 
B; the Point E the common Interſection of theſ 
Circles, or the beginning of I or ; & the gi. 
ven Star, thro* which the Secondaries B SL, Pd 
of the Ecliptic and Equator are imagined to paſi 
And the great Circle PB C connecting the Poles 
is the Colure of the Solſtices. Let AS the De. 
_clination of the Star be found (by Prop. 18.) then 
you will have its Complement PS; and (by Pry, 
23 or 25) EA the Right Aſcenſion of the Star 
(at leaſt from the given Aſcenſion, the Right 


Aſcenſion EA will be given,) from - whence you 


will have its Compliment QA, and the Angle 4 
. whoſe Meaſure it is. Therefore in the Triangle 
BPS, there are given the fide PS and the fide 
PB, viz. the Diſtance of the Poles of the Equs- 
tor and Ecliptic equal to the Obliquity of the 
latter, together with B PS, the Angle contained 
by them; the ſide BS therefore is known, and 
conſequently its Complement SL, the Latitude 
of the Star ſought. The Angle PB & alſo will 
be found, or CBL adjoyning to it, and its Mes- 
ſure the Arc CL, and therefore its Complement 
LE. But this Arc either is the Longitude itſelf, 
which is ſought, or its Complement to one, two, 

three or four Quadrants. e 
In like manner, by having the ſituation of 2 
Star in reſpect of the Ecliptic given, its ſitua- 
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tion, in regard of the Equator will be deter- 

mined. 1 „ | 
PrRoPOSITION XXVIII. 

HE Longitude and Latitude of two Stars» 
and the Diſtance of a third from both bein 
given, to find the Place of that third Star. . 
Let CED (in Fig. 11.) repreſent the Ecliptic, 
whoſe Pole is P; A and B the Stars, whoſe Lon- 
itude and Latitude are given, thro' which let 
the Circles of Latitude PAC, PB D be imagin'd 
to be drawn: Then the Arc of the Ecliptic CD 
is the Meaſure. of the Angle CPD, (contain'd 
under them,) the Difference of the given Lon- 
gitudes, which conſequently is given. In the 
Triangle APB, the ſides PA, PB, the Comple- 
ments of the Latitudes CA, DB, and the Angle 
APB, being given, the fide A B, and Angle PB A 
will be found. Again, in the Triangle ASB, all 
the ſides being given, viz. A, SB, the Diſtances 
of the Star S from the two Stars A and Bbeing gi- 
ven, and AB firſt found, the Angle AB & will be 
found, and conſequently SBP, the Difference of 
this and PBA found before : And laſtly, in the 
Triangle SBP, two ſides BP, B, with the 
Angle SBP contained between them, being 
given, PS will be found, and conſequently its 
Complement. E &, viz. the Latitude of the Star 
ö; and the Angle BPS, and its Meaſure DE, 
namely, the Difference of the Longitudes of the 
Star B and , to be added to the Longitude of 
the Star B, that the Longitude of the Star & may 
be had, if PSE be more to the Eaſt than PBD; 
but to be ſubſtracted, if more to the Weſt. 
There are other Caſes-of this Problem, according 
to the various ſituation of the Points A and &, but 

they are ſolved after the ſame manner. 


And 
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And after the ſame manner, if the ſituation c 
the Stars A and B in reſpect of any other Circle 
for Inſtance the Equator, be given; that is, ih 
their Right Aſcenſions and Declinations, and the 
Diſtance of a third from both be given; the $6. 
tuation of this, in regard of that Circle, will alſo 
be given. And theſe things are done on the 
Earth after the like manner, 
| ProPostTION XXIX. 
O deſcribe the Method of making a Catalogu 
of the Fix'd Stars; and to give an Account 
of the chief Perſons who have done ſo, and the Me. 
thods they uſcd ; and to make a Celeſtial Globe. 
Let every ſingle Star of a Conſtellation be de- 
ſcribed in Order, according to the Place it has in 
a Conſtellation ; and over-againſt each ſet down 
the Longitude and Latitude thereof, found by 
Prop. 27. and then annex its Magnitude, If 
there be ſeveral Stars in the ſame Part of a Con- 
ſtellation, (for Inſtance, in an Head or Hand) 
let them in the Deſcription be diſtinguiſt'd into 
Northern and Southern, and into ſuch as precede, 
are in the middle, or follow; where ſuch as are ſi- 
tuated toward the Weſt are ſaid, by ſuch as fol- 
low Ptolemy, to precede ; or ſuch as poſſeſs the 
preceding Parts of the Zodiac, 2. e. nearer to the 
beginning of Aries ; that is, ſuch as precede in 
the Diurnal Motion : They are alſo diſtinguiſh'd 
by ſome by the Letters of the Alphabet annex'd 
to them. If there be any remarkable Star in the 
Conſtellation, which has a peculiar Name, this 


Name alſo is put down; as Arcturus in Bootes, 


Regulus in Leo, Syrius in the Great Dog, Ge. 
After the Stars proper to each Conſtellation are 
drawn, then the unformed Stars about it are an- 


nex'd, being deſcribed after the like manner by 
the 
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the nearneſs of this or that Part (about which they 
ſtand,) having their Longitude, Latitude and 
Magnitude to them. | 

The firſt that attempted to reduce all the Fix'd 
Stars into a Catalogue, and determine their Places, 
was Hipparchus of Rhodes, about 120 Years be- 
fre Chriſt, who, in Pliny's. Judgment, dared to 
do a thing that God himſelf did not approve of, in 
telling the Number of the Stars for Poſterity, aud 
reducing them to a Standard. Tho' 'tis certain 
from Ptolemy that Tymocharius and Ariſtyllus left 
ſeveral Obſervations about this Matter, made 180 
Years before Hipparchus. Menelaus alſo the Geo- 
metrican, in the firſt Year of Trajau, obſerved 
{ome of the Places of the Fix'd Stars at Rome. 
After theſe, Claudius Ptolemy, about the 40th 
Year of Chriſt, began to obſerve and commit to 
Writing, ſome things about the Progreſs of the 
Fix d Stars in conſequentia ;- the Catalogue of Hip- 
parchus, which riſes to 1026 Fix'd being ſtill re- 
tained in regard of their Place as to Longitude 
and Latitude ; nor have we any Obſervations of 
the Ancients beſides theſe, which are deliver'd to 
us by Ptolemy. Albateguius the Syrian has done 
the ſame about the 80th Year after Chriſt: For 
in the Book that he has given the Title of the 
Science of the Stars, Chap. 52. Pag. 202. he ſays, 
that he has added 11 Degrees and half and a 
third Part to the Places in which he found them 
to be deſcribed in Prolemy's Book. For neither 
the Perſian, nor Alphonſine Aſtronomers, nor Co- 
pernicus, who is later than any of them, obſerved 
all the Fix*d Stars, but reſted ſatisfied with the 
Catalogue of Hipparchus, only adding, in the 


reſpective Catalogues, the Portion of the Motion, 
E Which was made in the mean while from them 


all; of which we ſhall ſpeak hereafter. Copernicus 
© recxons 
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reckons the Longitudes of all the Stars from the Tho 
preceding of the two in the Ram's Horn, which {olutely 
he calls the Firſt of al, and which, by conſequence Stars in 
are the ſame in all Ages, tho' the Longitude of Points, 
this firſt Star from the EquinoCtial Point con- pers 
tinually increaſes. | cal her 1 
All theſe Aſtronomers in the determining the Ce s 
Places of the Fix'd Stars, for the moſt part, made F Da) 
uſe of an Armillary Sphere, or a Part of it, MW hich! 
(which they called an Aſro/abe.) Its Deſcription he had 
may be ſeen in Chap. 1. Book F. of the Cre WI compar 
Cynſtruction of Ptolemy. This Inſtrument being becauſe 
fitted to the Latitude of the Place and the Card. at ſuch 
dinal Points of the World, they placed the Ar. Sun's,) 
milla or Hoop repreſenting the Ecliptic, in the of the 
Day time, by the help of the Sun's Rays, (whoſe both a 
Place they knew by the Theory of it,) in ſuch 2 other 4 
fituation as the Ecliptic had then, in regard of Prob. 2. 
that Horizon; then they obſerved the Place of The 
the Moon in the Ecliptic, by the help of a mo- tixd S 
vable Circle of Latitude in the Aſtrolabe. The the Gra 
next Night, by the help of the Moon, (whoſe in the! 
Place found before, they corrected according to i (cre: 
its Motion performed in the mean while,) they died abe 
placed this Zodiacal Armilla in ſuch a fituation as (tranſla 
was agreeable to the preſent Moment of time, (as Stars P 
before they had done by Means of the Sun; ) thus At l 
they obſerved the Longitude of each Star reckon'd Alas Of 
according to the Ecliptic, as they had before ob- es b 
ſerved in the Day time the Longitude of the ved a-fr 
Moon (looking along the moveable Circle of above t 
Latitude,) and its Latitude by the help of 2 lame tir 
moveable Sight in the ſaid Circle. You may ſee ot Hel 
this Method of obſerving, fully deſcribed in Chap. Caſſel, a 
4. Book 7. of the Great Conſtruction of Ptolemy, gu Byr. 
and in Chap. 14. B. 2. of Copernic. de Rovolut. 217 
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'Tho' the Ancients thought the Moon was ab- 
ſolutely neceſſary to determine the Places of the | 
Stars in reſpect of the Equinoctial and Solftitial 
Points, and together with theie the moſt ſagacious 
Copernicus, Chap. 14. B. 2. ſays thus: For it. 
wt her there would've n9 way to com prehend the Places | 
of the Stars, becauſe ſhe alone of them all partakes 
of Day and Night : But Cardan, in a Book; 
which he entitles Supplementum Almanack, (after 
he had told us that the Fix'd Stars were to be 
compared with the Moon during a Lunar Eclipſe, 
becauſe the Moon's Place, in reſpect of the Sun, is 
at ſuch a time beſt known,. ſince oppoſite to the 
Sun's,) very happily ſubſtitutes Venus inſtead 
of the Moon in this Affair, becauſe ſhe is 
both a Day and a Night. Star, and has ſome 
other Advantages, . mention'd in the Scbol. of 
Prop. 25. | | | 
The 3 after Hipparchus, that obſerved the. 
Fix'd Stars themſelves a-new, was Ul!gh Beigb, 
the Grandſon of Tamerlane the Great. He ſays, 
in the Preface, that he obſerved all that could, be 
obſerved, beſides 27 in the South. This Prince 
died about 1449, and ſet down in his Catalogue 
(tranſlated into Latin by Mr. Tho. Hyde) the 
Stars Places for the Year of Chriſt 1437  _ 
At length in the 16th Century appear'd the 
Alas of that Age, the immortal Tycho. Brahe, 
who, by indefatigable Labour and Pains, obſer- 
red a-freſh all the Fix'd Stars that are eaſily ſeen 
above the Horizon of Uraniburgh. And at the 
lame time Milliam the molt illuſtrious Landgrave 
of Heſſe, attempted the ſame great Work at 
Caſſel, and with his Mathematicians, Rothman 
and Byrgias, continued in it above 30 Years. He 
found the Longitude and Latitude of the Fix'd 
Stars by Calculation, from the Right Aſcenſion. 
and Declination firſt obſerved by the Method in 
X Prop 
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Prop. 27; as Tycho aſſures us, in Chap. 2. Part 1. 
Progymn. pag. 14); tho he does not entirely ap- 
prove of it, becauſe of the Difficulty of reckoning 
the Time exactly from Noon, which, tho? often 
times tried by himſelf, by making Clocks, and 
other ways deſcribed in the before quoted Ch. 
of the Progymnaſmata, yet never ſucceeded ac- 
cording to his Wiſhes. But tho' the Obſerva- 
tions of the Prince don't extend to above 400 
Fix'd Stars, and were made by ſmaller Inſtru- 
ments, yet Hevelius, in Prod. Aſtro. prefers them 
to the Labours of Tycho himſelf, becauſe, in his 
Opinion, the Prince, and his Oſervers, uſed 
more Diligence than Tycho and his Fellow Ob- 
ſervers. 'The Prince afterwards perform'd this 
Buſineſs by the help of Venus; but Tycho, tho 


in pag. 146. B. 1. Progymnaſm. he charges Car. 


aan with an Error in ſettling the Place of the 


more Southern and bright Star of the Scales of 


Libra by Venus, greater than it is in the Apban- 
ſine Tables; nevertheleſs confeſſes, that it aroſe 


from hence, that the ſituation of Venus was not 


at that time well determined by Numbers: 
And he himſelf uſes Venus for the ſame purpoſe, 
after the manner deſcribed in Prop. 25. Inſtead 
of a Zodiacal Armilla, uſed by the Ancients in 
obſerving the different Longitudes of the Fix'd 
Stars and their Latitudes, Tycho, for very good 
Reaſons, ſubſtituted the Equatorial Armilla 
by which he might obſerve the Differences of 
the Right Aſcenſions and the Declinations out 
of the Meridian, the Meridian Altitude being 
always made uſe of to confirm the others. All 
the other Cautions which this moſt diligent Ob- 
ſerver took in this Affair, may be ſeen in Chap. 2 
B. 2. Progymn. The Places of ſome of the Fix'd 
Stars, found by the Methods already deliver, 
being once laid down, he determined the Placts 
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Part 1. 

ely 5 of the other Stars which were near the Ecliptic 
oning or Equator, after the manner related in Prop. 24. 
often He ſought the 2 7 Aſcenſion of any unknown 
85 and Star by two, whoſe Places were already verified, 
ed Ch. and if the Right Aſcenſions of the ſame Star 


ed ac. mus found, were a little different from one a- 
bſerva. nother, he always took the mean for the true 
ve 400 one, without any Heſitation: Afterwards from 
Inſtru- the Rigbt Aſcenſion and Declination of a Star 
s them he computed its Longitude and Latitude. As 
in his for the Stars about the Poles, he deduced them 
„ uſed from the former by the Praxis deſcribed in Prop. 
w Ob. 28; tho' he verified the Place thus found by ob- 
d this ſerving its Diſtance from a third Fix d Star firſt 
0% tho! determined. And univerſally, he never reſted 
es Car- ſatisfied with the Place of a Fix d Star determi- 


of the ned only by one Obſervation. z but each of them 
ales of by the Methods deſcribed before, by his Equato- 
Aphme rial Armilla, and by the Praxis laid down in Prop. 
t aroſe 23, making uſe of the beſt Clocks for meaſuring 
as not the Time, and of Quick-filver and Lead Chymi- 
abers : cally reduced into Powder, which ſhews the 
rpoſe, Time by its running thro' a Hole; all which you 
Inſtead may fee accurately deſcribed in his Progymmaſ- 
ents in mata. | | | 
Fix'd Tycho's Catalogue of 117 Fix'd Stars made with 
good fuch Care and Diligence as this for the Year 
milla; 1600, and taken from the Heavens themſelves, 
ces of at laſt came forth, in the Year 1610, in Aſtron. 
15 out luſtaur. Progymnaſm. And afterwards in the Year 
being 1627, copied into the Rudolphine Tables, and in- 
. All BF creaſed by 223 Stars from ſome other Obſerva- 
t Ob- tions of Tycho; ſo that his Catalogue in the Ru- 
bap. 2. WW ®iphine Tables riſes to the Number of a thouſand 
Fix'd Wi Stars. Kepler has added a ſecond Claſs of Fix'd 
wer, Stars, that Tycho left out of the ancient Cata- 
Places I logue of Hipparchns, repeated and corrected by 
o P:oleiny, and calls them Semi-Tychonic Stars: He 
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ſubjoins a third, containing 12 Celeſtial Images 
which are inviſible in our Northern temperate 
Zone. Theſe he bas put into his Catalogue, be- 
ing named by the Portngueſe, and corrected b 
Peter Theodori. Tis generally reported that thef 
Southern Conſtellations were afterwards obſer. 
ved by one Frederick Houtman, a Dutchman, and 
the Celeſtial Globe of Bleau corrected according 
to thoſe Obſervations. But the celebrated Mr 
Edmund Halley was the firſt that took that Pains 
about them, as became an Aſtronomer, while 
he was at St. Helena, and publiſh'd a Catalogue 
of 350 Southern Fix'd Stars to the Year 167 
compleat, which is a true Supplement to Tycho 
Catalogue. He obſerved the Diſtances of the un. 
known Southern Stars from ſome of Tycho's, and 
calculated their Places from the aſſumed Places 
of ſome of the Tychonic ones (by Prop. 28,) add- 
ing allo the Diſtances themſelves, which he had 
obſerved. | 

The next after Tycho, that preſented ' the 
World with. an entire Catalogue of the Fix 
Stars of his own, was R. P. Ricciolus, in Aftrun, 
Reform. Lib. 4. to the Year of Chriſt 1700 com- 
pleat. But this Catalogue, containing as many 
Stars as Tycho's, is taken from Tycho's, excepting 
101 Stars, Which are all that he had obſerved in 
the Heavens. In the others, he recedes a little 
from Tycho, and has copied Tycho's manifeſt 
Errors into his own, retaining at the ſame time 
ſome Stars as were really obſerved by Tycho, but 
were not viſible in the time of Ricciolus, as Hewes 


tins has obſerved in Prodr. Aftr. p. 133. and after- 


wards. 

Laſt of all came out a Catalogue of the Fix 
Stars, by the Illuſtrious Fo. Hevelins of Dautxict, 
containing 1828 in all, viz. 950 known by the 


Ancients, 603 which he calls his own, 8 
they 
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they were determined rightly by none before 
himſelf; by proper Inſtruments, and the 335 
of Mr. Halley, inviſible in the Horizon of 
Dantzick. In the making of this he ſolemnly 
profeſſes that he had no regard to the Ob- 
ſervations of any Author, but enter'd upon the 


Work, as if there were no Catalogue at all in 


being. Nay, he entirely laid aſide all other 
Foundations, and compoſed a-new the 'Theory 
of the Sun and Solar Tables, founded entirely 
upon his own Obſervations. And /laſtly, he 
ſincerely declares, that he has borrow'd nothin 
of any Body, or put into his Catalogue the Place 
of the ſmalleſt Star, that he himſelf had not ob- 
tained by his different Diſtances and Meridian 
Altitudes. | 

Hevelins drew up two ſuch Catalogues, the 
frſt or larger, containing as well the Longitudes 
and Latitudes, as the Right Aſcenſions and De- 
clinations, to the Year of Chriſt 1660 compleat ; 
to which are annex'd, for the ſame Vear, the 
Longitudes and Latitudes of the Fix'd Stars ob- 
ſerved formerly by Tycho Brahe, the Prince of 
Heſſe, Ricciolus, Ulugh Beigh and Ptolemy; the 
ſecond or leſs, exhibiting the Places of the ſame 
Fix*d Stars as to Longitude and Latitude, to the 
Year of Chriſt, 1700 compleat ; to which he has 
annex'd Mr. Halley's Catalogue of the Southern 
Stars, partly corrected as to their Longitude, from 
Obſervations at Dantzick, and reduc'd to the 
ſame time : So that the larger Catalogue preſents 
us at the ſame time with the Catalogues of all his 
Predeceſſors ; by which means it is evident at 
fight, how far the Obſervations of them all agree 
or diſagree. To theſe he ſubjoins a Table of the 
Right Aſcenſion and Declination of ſeveral Fix*d 
Stars to the Years of Chriſt 1660 and 1760, with 
their Differences for that hundred Years, | 

g Þ 3 By 
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By the help of ſuch, a Catalogue of the Pix d 
Stars as this, a Celeftial Globe may be eaſily 
made: For the Ecliptic and its Pole, being 
mark*d out upon the Surface of the Globe, let 
the Places of the Fix'd Stars taken out of the Ca. 
talogue be in like manner mark d out, according 
to their Longitude and Latitude, in regard of 
that Ecliptic ; draw alſo the 'Tract of the Milky 
Way, thro' the Places of the Fix'd Stars, thro 
which it paſſes; and add the Equinoctial Circle, 
cutting the Ecliptic in the Point aſſumed for the 
beginning of the reckoning, and the oppoſite 
Point, and duly inclined to it; as alſo let the Po- 
lar Circles and Tropics, and the other Neceſſ 
Ties, be added; of which we have ſpoken before 
in Prop. 13. And to this very purpoſe did Here- 
tins deſign his, leſſer Catalogue, and from hence 
did he deduce his Uraurgraphy or Tables of al 
the Stars drawn upon a Plane, which was publiſh'd 
in the Year 1690, under the Title of the Firmg- 
ment of Sobieski., For they differ no more from 
2 Celeſtial Globe than Maps do from the 'Terre- 
ſtrial. Theſe Uran:graphic Schemes of the Con- 
ſtellations are delineared in Plano, juſt as if the 
convex Part of the Heavens were ſeen by us, as it 
is in the Artificial Globe, as was uſual among 
ſuch as ent before him, and made Catalogues 
of the Fix'd Stars. He ſays that Bayer, who, in 
his Uranometry, attempted the contrary, 7hought- 
Jefly inverted ali the Stars; and that, by bis Fi 
gures, be did but diſorder the whole Buſineſs of tit 
Heavens; and that, all the Stars which are pla- 
ee on the left Hand in the Globes, appear on tit 

right Hand. 
The making of a Celeſtial Globe by Heveins' 
Firmament is much eaſier, becauſe the Figures 
of the Conſtellations are very aptly delineated in 
it, together with the Milky Way, and its diffe- 
| rent 
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continued until March in the Year 1574. 
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rent Streams as it were. But we are to expect 
the moſt ample Catalogue of the Fix'd Stars from 
Mr. Flamſtead's Obſervations, which have been 
continued for ſeveral Years with this view, and 
made with large Inſtruments, and at the ſame - 
time very fit for that Purpoſe. 


PROPOSITION XXX. 


O give an account of ſome of the more remart- 
able Changes that have happen d among the 
Fix'd Stars. g | 
So long ago as the Age of Hipparchns, a new 
Star appear d among the Fix'd ones. And this, 
as Pliny informs us, was the Reaſon why Hippar- 
chus ſet upon numbering the Fix'd Stars for the 
uſe of Poſterity, and reducing them to ſome Rule, 
having invented ſome Inſtruments for obſerving the 
Places and Magnitudes of each; ſo that it might 
eaſily be known by this, not only whether they periſh'd 
or had a beginning, but whether any at all paſſed 
away, or had any Motion; as alſo whether they 
increaſed or decreaſed, the Heavens being left in 
common to them al. | 5 
And tho? Ricciolus reckons no leſs than fix new 
Stars between this and that famous one, which 
appear'd in Caſſiopeia in the Year 1572 ; yet ſince 
they were either ſcarce obſerved at all, or by 
Perſons not over-skill'd, there hardly remains 
any thing to be ſaid of them. 1 
This new Star in Caſſiopeia, a Rival to the 
biggeſt in the Heavens, firſt appear'd about the 
beginning of November, in the Lear 1 5725 and 
his, 
juſt as that of Hipparchus, was the Occaſion of 
Tycho's obſerving the Fix d Stars again, with new 
and large Inſtruments ; as he informs us himſelf 
in the Progymmaſm. where he treats expreſly of 
this Fix'd Star. . 


. 9 In 
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An Auguſt 1596, David Fabricius diſcover'd a 
new one of the 34 Magnitude in Cetus, which gif. 
appear'd two Months after. 9 


* 


In the Year 1600 a new Star appear'd in the 
Breaſt of Cygnus, firſt ſeen by ſeveral, but af. 
terwards by Kepler himſelf, who has written an 
Aitronomical Account about it. This continu'q 
of the fame Magnitude, vz. the 3d, until the 
Year 1659, as Hevelzas aſſures us; (who had ob- 
ſerved it from the Year 1638, with large Inſtru- 


menits,) but from the Year 1659 it ſenſibly de. 


creaſed ; and about the latter end of the Year 
1661, it entirely diſappear d. Yet five Years at- 
ter, namely in September 1666, Hevelins obſer- 


ved it again with his naked Eyes, of the tb or 


6th Magnitude, retaining the ſame Place in the 
Heavens preciſely. . | 5 | 
In the Year 1604, about the beginning of 
October, a new Star was ſeen in the right Foot 
of Serpentarius, which appear'd bigger than 
Jupiter, and almoſt equal to Venus : It continu'd 
a whole Year; becauſe it was not ſeen. after O0- 
ber in 1605. Concerning this Kepler has written 
a Book full of Aſtrological and Phyſical Diſputes, 
It was the Milky Way that preſented. us with 
theſe three new Stars, iz. in Caſſiopeia, Cygnus, 
and Serpentarius ; it has therefore, on that ac- 
* been call'd, by ſome, the Fund of new 
Stars. | 
There have been ſome other new Stars obſer- 
ved, 7. in the Year 1612. that in the Belt of 
Andromeda, by Simon Marius, who is the Author 
of the World of Fupiter, and another in Antinous 
by Fuſtus Byrgius and others. 
In the Year 1638, Fohn Phocyllides Holuuarda 
of Franeguer obſerved a new Star in the Whale's 
Neck of the 3d Magnitude, or bigger. How it 
diſappear'd every Vear, and then appear'd, but 
| not 
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nor always exactly at the ſame time, (tho* Bu 
Valdus thinks otherwiſe,) and afterwards was in- 
viſible for four Years, is fully eyident, from the 
Hiſtory of it written by Hevelius and annex d to 
vis Mercury, and from his Climacteric Tear. Mr. 
Caſſini has found, by Obſervation, that the ſame 
phaſes of this Star return at the end of 330 Days; 
but ſo as that this return is ſometimes retarded 
or anticipated by 15 Days. This Star ſeems to be 
the ſame with that, which Fabricius obſerved in 
the Year 1612; for their Places are the ſame. 

In the Year 1610 in Faly, Hevelins diſcover'd 
a new Star of the 34 Magnitude under the Swan's 
Head, and in his Catalogue reduces it to his Vul- 
pecula; but it was leſſen'd ſo much in a ſhort 
ſpace of Time, that about the end of Augu/? 1671 
it was entirely extinguiſh'd : But next March it 
appear*d again, at firſt like a very ſmall Star, but 
by degrees it increaſed to one of the third Mag- 
nitude, and afterwards grew leſs again ſenſibly as 
it did before; and in September 1672, totally 
diſappear'd, and was ſeen no more. ö 

Not only new Fix'd Stars now- a- days make their 
firſt appearance, but others of the ſixth, fifth and 
fourth Magnitude, known by the Ancients and 
obſerved by Tycho, have entirely vaniſh'd. In- 
ſtances of which may be frequently met with in 
the Catalogue of Hevelius. He himſelf mentions 
four in Prod. Aſtr. namely a Star in the left Thigh 
of Aquarius, the contiguous one preceding in the 
Tail of Capricon, the ſecond of the Belly of the 
Whale, and the firſt of the unform'd ones after 
the Scales of Libra. There are alſo other Obſer- 
vations which have been made about them by the 
French Aſtronomers. And even ſome conſidera- 
ble Fix'd Stars of the firſt, ſecond and third Mag- 
nitude are found to alter their Brightneſs and 
Magnitude ſenſibly; as is evident from the diffe- 
5 | | rent 
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rent ſentiments of Authors about Stars of the firſt more 
and ſecond, or of the ſecond and third Mag. comp: 


nitude. That Poſterity may be more capable {WI 0b{cr' 
of judging about the change of the moſt conſider. ſelf. 


able Fix d Stars, with greater Eaſe and leſs Mi. is ONE 
ſtake ; Hevelius, in his Prodromus, has drawn up from 
ſeveral things tending to that purpoſe obſerved by and h 
himſelf. | mers 

J paſs over other changes in the Fix'd Stars of the 


obſerved by the help of a Teleſcope, ſuch as are is one 
thoſe faid to be difcover'd lately by Mr. Caſſini, paring 


viz. that ſome, as for Inſtance, the firſt of Aries a gre 
and the preceding Head of Gemini, ſometime the P 
appear divided each into two equal to one another, move 
and diſtant from one another the length of the Later 
Diameter of either of them; others, as ſome of of thi 
the Pleiades and the middle in Orion's Sword, diate 
appear Triple, nay Quadruple ſometimes. For that 
thbeſe Phænomena, beſides their not being ſeen belie\ 
by the naked Eyes (of which we only treat at the {; 
preſent,) feem to have another original, and con- Tychc 
fequently are to be conſider'd in another Place. is on 
15 1 

| ProPposITloN XXXI. ae 
＋ O define the true Preceſſion of the Equinoctial own 

M Points, or the Motion of the Fix d Stars in made 
conſequentia; and, from a given Catalogue of the 100 
Fi d Stars, to determine the Place of any Fix4 name 
Star at a given time. | Flam 
Hipparchus of old, as Ptolemy informs us, Ch. tina, 

1. Book 7. of the Great Conſtruction, by compa- Bulli. 
ring his own Obſervations with thoſe of Ariſtyllus $9.4 
and Tymocharis, ſuſpected that the Stars of the in hi 
Zodiac had a Motion in conſequentia: But Ptolemy, only 
by comparing the Obſervations of Hipparchus and Fc 
others, with his own, has expreſly aſſerted it of i Year 
them all, and that it is made in Circles parallel to (the 
the Ecliptic ; which he proves in ſeveral of the of tl 
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more conſiderable Fix'd Stars, Chap. 2d and 34, 

comparing-their Places in regard of the Equator * 
obſerved by ſuch as liv'd before him and by him- 
fell. And he finds that this progreſſive Motion 
js one Degree in an hundred Years. Albateguius, 
from the Places of Regulus, obſerved by Menelaus 
and himſelf, at the Diſtance of 585 Years, ga- 
thers (in Chap. 52. of his Book of the Knowledge 
of the Stars,) that the Motion of the Fix'd Stars 
is one Degree in 66 Years. Ulugh Beigb, com- 
paring his Obſervations with ſuch as were made 
a great Number of Years before, determines (in 
the Preface to bis Tables) that the Fix'd Stars 
move one Degree in every ſeventy Solar Years. 
Later Aſtronomers comparing the Obſervations 
of the Ancients and Moderns, and the interme- 
diate ones of Allategnius about this Matter, find 
that this Motion is equable, quicker than Ptolemy 
believ'd, but flower than Alategnius, and nearly 
the ſame with what Ulnugh Beigh aſſigns. For 
Tycho, in his Progymn. Book 1. gathers, that it 
is one Degree and 25 in a hundred Years, or 
51” in one Year. - Copernicus, (tho* helook*d up- 
on this Motion to be unequal) by comparing his 
own Obſervations with thoſe of the Ancients, 
made the Mean to be about 19. 23'. 40”. 12“ in 
100 Years. Ricciolus makes it ſomething leſs, 


: * * o TS 
namely 19. 23'. 20“. in that time, which Mr. 


Flamſtead retains. Street, in his Aſtronomia Caro- 
lina, makes it ſtil] leſs, as not above 19. 20'. 


Bullialdus, in his Aſtronomia Philolaica, makes it 


1%. 24. 54 in 100 Years ; whilſt Hevelius lately 


in his Solar. Tab. in Prodrom. will have it to be 


mY 


only 19. 24'. 46”. 50“. | 

For every Year therefore, forward from the 
Year to which the Catalogue is fitted, add 500 
(the middle round Number) to the Longitude 


will 


! 
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will have the Longitude ſought : The Latitude 
in the mean while, continues invariable, fince 
both the Fix'd Stars and the Ecliptic in the Hea. 
vens are immovable, and only the Equator (ori- 
ginally a Terreſtrial Circle) being looſen'd as it 
were leaves its ancient Seat. But for every ſingle 
Year, backwards in reſpect ofthe given Catalogue, 
ſubſtract 500 from the Longitude in the Tables, 
if you will find the Longitude for ſuch: a given 
time. But if the Order of the given Catalogue 
be ſuch, as that the Longitudes of each of the 
Fix d Starsarereckon'd from the firſt Star of Aries, 
(as it is in Copernicus's Catalogue of the Fix'd 
Stars, as alſo Clavinss, and of ſome annex'd 


to the Caroline Tables, to the Number of the 


Longitude in the Tables, (becauſe continuing al- 
ways the ſame) add the Longitude of the firſt 


Star of Aries (which at the beginning of the 


Year 1901, according to Hevelius, is 290. ob. 


58”, and it is to be increaſed by 50“ every Year 


afterwards, but leflened by as many for every Year 
before, as was ſaid before) for the time given, 
and you will have the Longitude ſought from the 
Vernal Equinox, caſting away 3 60 degr. if the 
Sum exceeds that. But if the Right Aſcenſion 
and Declination at a time given be required, what 
is propoſed may be done by the converſe of Prop. 
27. from the Longitude and Latitude found for 
the given time, as before. 
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SECTION. VI. 


concerning the Reſolution of the molt 


conſiderable Problems of the Firſt Mo- 
tion by Calculation. | 


Pzxovostrrton XXXII. 


O determine by Obſervation the Difference of 

the Meridians or Longitndes of two Places gi- 
den upon. the Surface of the Earth, and to make @ 
Catalogue of the moſt noted Places of the Earth, 
with their Latitudes and the Differences of their 
Meridians, and to make a Terreſtrial Globe. 
| Let any inſtantaneous Phenomenon (as the 
beginning or end of a Lunar Eclipſe, or of an 
Eclipſe of any of Jupiter's Satellites,) be obſerved 
by Perſons in the given Places, noting the Hour 
in both Places : Then the Difference of the 
Hours converted into an Arc of the Equator gives 
the Difference of the Longitudes or Meridians 
ſought. And that of the Places propoſed is more 
towards the Eaſt, that reckons more Hours, 
after Noon ; But if they reckon the ſame, they 
are under the ſame Meridian. For fince the ſame 
Moment of Time has differing Names as to. 
the Hour in theſe two Places, the Noons of 
theſe Places, or any other Hours of the ſame 
Name, will be as diſtant from one another, as 
theſe different Hours in the ſame Place ; and 
conſequently the Arc of the Equator intercepted 
between the Meridians of the Places is rightly 
found by allowing 15 for every Hour. This 
Interval of Time is calPd the Difference of the 
Meridians, appoſitely enough, becaule it is ſo of 
the Noons. | £ 
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In like Manner, if a Clock that ſhews exactly 
the Hours at one of the Places be carried to 
the other, to be compared with another, ſhewing 
the Hours there; the Difference of the Hours 
reckon'd by the Clocks, converted into an Arc 
of the Equator, gives the Differences of the Lon- 
gitudes ſought : For. thus, as in the former 
Caſe, you know the Interval between the Hours 
reckon'd at the {ame Moment in the two Pla- 
ces. For the Clock, that is tranſported, is ſup- 
poſed to ſhew the Hours after the ſame manner, 
as it would have done, had it continued in its 
Place. # | 
To each of the more noted Places that are put 
into a Catalogue, add the Latitude proper to it, 
expreſſed by the ſame Number of Degrees (by 
Prop. J.) as is the Altitude of the Pole obſerved 
there by Prop. 17. In another Column, add alſo 
the Difference of the Meridians expreſſed by Hours 
and their Parts (found by what has been ſaid be- 
fore) of the Place propoſed and of the Place aſ- 
ſumed, together with the Mark of Addition or 
Subſtraction, according as the Meridian of the 
one lies to the Eaſt or to the Weſt of the Meri- 
dian of the other. . | 
The Latitudes of the Places and the Differences 
of the Meridians being given, tis eaſy to make a 
Terreſtrial Globe by them : Eor the Poles and 
a great Circle being drawn from them upon 2 
Sphere made for that purpoſe, which will repre- 
ſent the Poles of the Earth and the Equator, 
thro' the Poles draw a Circle repreſenting the 
Meridian of the Place (to which the Meridians 
of the other Places in the Catalogue are referr'd,) 
and in it mark out a Point diſtant from this 
feigned Equator, as many Degrees as there 
are in the Latitude of the Place ſet down in 
the Table ; and ti.at Point will therefore re- 
preſens 
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> ſaid Place. Any other Place is to 
ape 115 1 Circle paſſing thro the 192 
foe which and the Meridians already an 
I are as many Degrees of t ag 
8 d Equator (and that according as the 
meh ud is, towards the Eaſt or Weſt,) as 
32 re in the tabular Difference of Longitudes 
a ; and as many Degrees from the 
- d Equator towards either Pole, as there. 
figne the tabular Latitude of that Place. In like 
oh 3 the other more noted Places are to be 
rb e "upon the Surface of the Globe. 1 
152 mediate, or leſs noted Places, are ſupp ied . 
by che common Chorography, and Itineraries, 


is is me ſerved than the 
jon ; for this is more eaſily obſerved t | 
3 of Longitude. The Globe being c_ 
emis either the Meridian of our own P 5087 
5 any other paſſing thro' the ANTS : "as Yew ky 
| be reckon 
the Fortunate Iſlands, may „ 
frſt ; that is, the Degrees f 8 N . 95 N 
de reckon'd from the Inter ectior Cit and 
| idian (or beginning) towards : 
A other Circles and neceſſary W 
nances deſcribed in Prop. 14. are to be a 1 wy 
cording to Art. 


PRO POSITION XXXIII. 


HE Elevation of the Pole, the Right 450 
T ſion and Declination of a Star, or any ot * 
Point in the Heavens being given, to find 10 2 
cenſional Difference, and by that means its . 1 5 
Aſcenſim, Continuance above the Horizon, a | 

litude. - 
in what goes before, laid oy 3 
Method of determining the ſituation of the Ci ee 
of the Sphere for any Place on the Earth, an 


In 


3 le EEE DEN TS Bock Il 
in regard of the ſaid Circles in the Celeſtil 


Sphere, and the ſituations of Places on the Earth 


in reſpect of the ſame, conſider'd on the Surface 
of the Earth; we ought now, by the Rules of 
Method, to ſhew how to reſolve, by Calculation, 
ſome of the chief remaining Problems, about whar 
has been determined and found out already, by 
Means of which may any others relating to the Firſt 
Motion, be eaſily reſolv'd after the ſame manner. 
In the preſent Caſe, let EQ, (Fig. 12.) repre- 
ſent the Equator, whoſe Pole is P; HO R the 
Horizon, whoſe common Interſections, O ang 
the oppoſite Point, are the Points of true Eaſt and 
Weſt, viz. the Poles of the Meridian PE 
Let & be a Star riſing or ſetting,” and thro' it ima- 
gine a Circle of Declination PSA to be draun. 
In the Triangle OA there are given, beſide 
the right Angle at 4, the Angle SOA, whoſe 
Meaſure is HE, the Altitude of the Equator ; 
'and the fide AS, the given Declination of the 
Star; conſequently OA, the Aſcenſional Diffe- 
rence ſought, may be found: For O is the Point 
of the Equator that arrives at the Horizon toge- 
ther with the Star; and A is a Point of the ſame 
that arrives with it at the Meridian. This Aſcen- 
ſional Difference therefore ſubſtracted from the 
Right Aſcenſion of the Star when towards the 
elevated Pole, but added to the Right Aſcenſion 
of the Star when towards the depreſſed Pole, gives 
its oblique Aſcenſion; and ſo on the contrary, in 
the oblique Deſcenſion. But this ſame Aſcenſional 
Difference added to a Quadrant, or ſubſtracted from 
the ſame, gives the ſemi-diurnal Arc of the Star, 
according as it is towards the elevated or depreſſed 
Pole: And that turn'd into Time, gives half the 
continuance of the Star above the Horizon. In 
the Triangle O AS the fide OS, being the Eaſtern 
or Weſtern Amplitude, is alſo found, 6 
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By reſolving the ſame Triangle O AS after the 
ſame manner may the converſe of. this Problem 
be ſolved ; that is, the Right Aſcenſion, Decli- 
nation and Continuance above the Horizon of any 
Star or Point being given, to find the Elevation 
of the Pole. 5 


PROPOSITION XXXIV. 
NME Elevation of the Pole being given, toge= 
ther with the Altitude of a Star of a known 
Right Aſcenſion and Declination, by Obſervation, 
to find the Moment of Time, and the Azimuth of the 
Star. a 
The ſame Circles of the Sphere be ing expreſſed 
by the ſame Letters, let the Vertical Circle ZS A 
(Fig. 9.) be ſuppoſed to be drawn thorough the 
Star S. In the Triangle PZ s, all the ſides are 
given, viz." PZ, the Complement of the Eleva- 
tion of the Pole; ZS, the Complement of the 
Altitude of the Star above the Horizon; and PS, 
the Diſtance of the ſame Star from the Pole, or the 
Complement of the Declination : The Angle PAS 


N is found, which is meaſured by OA the 


zimuth ſought ; as alſo the Angle Z PS, whoſe 
Meaſure is the Arc of the Equator ER. But the 
Sun's Place being given, its Right Aſcenſion is 
alſo given : E da the Difference between 
this and the Right Aſcenſion of the Star, known 
alſo (by Hyp.) is alſo given: Therefore the Sum 
or Difference of theſe Arcs will be given ; that 1s, 
the Arc of the Equator intercepted between the 
Meridien P E H and the Circle of Declination 
drawn thro? the Sun, which converted into time, 
gives the time before or after Noon, according as 
the Sun is to the Eaſt or Weſt of it. : 

The ſame may be done, if inſtead of the Alti- 
tude of a Star its Azimuth be known by Obſer- 
vation. | , 


2 4 | Pk 0- 
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PU GA reo . 


H E Longitude of a Place, the Hour of the 

1 Day, and the Sun's Place being given, to de- 
termine the ſituation of the Ecliptic in reſpect of the 
Horizon ; that is, to find the Angle of the Ecliptic 
aud Horizon, (or the Altitude of the Nonageſime 
Degree of the Ecliptic from the rifmg Point above the 
Horizon,) the riſing Point of the Ecliptic (and 


. from thence the Nonageſime Degree) and the Point 


of the Horizon, in which the Ecliptic interſects it. 
Things remaining as before, let & be the Sun 
in the Ecliptic MSEA | Fig. 13.] Let the Right 
Aſcenſion for the given Hour be found (by Prop. 
20.) or (making PS the Circle of Declination) 
the Point B in the Equator, and conſequently its 
Diſtance from E the next Equinoctial Point, vix. 
EB. And ſince the Hour is given, the Arc of 
the Equator BY intercepted between B and the 
Meridian, and conſequently BO its Complement 
to the Quadrant QO of the Equator is given: 
But BE is given; whence the Arc EO is known. 
Therefore in the Triangle A EO comprehended 
between the Ecliptic, Equator and Horizon, there 
are given the Angle AOE, the Obliquity of the 
Ecliptic, and AOE the Inclination of the Equa- 


tor to the Horizon, and the fide EO juſt found: 


From whence the reſt will be known ; whereof 
EA, or its Complement MAH, to two Right 
Angles, is the Angle that the. Ecliptic makes 
with the Horizon, meaſured by the Altitude of 
the Nonageſime Degree; and EA the Diſtance of 


the riſing Point of the Ecliptic from the Equi- 


noctial Point E, and from thence the higheſt 
Point, or the Nonageſime Degree from the.ri- 
ſing Point 4 becomes known ; and O A the Di- 
Nance of the riſing Point A from the true Eaſt O, 


computed in the Horizon. & E. F. 
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PrxoOPoO8ITION XXXVI. 

HE ſame things being given, to find the ſi 
tuation of a Star, of a given Longitude and 
Latitude, in regard of the Horizon, or the Altitude 
and Azimuth; as alſo to determine the Point and 
Angle, in which the Vertical Circle drawn thorough 

the Star interſects the Ecliptic. 
Let the Place of the Star & given in regard o 
Longitude and Latitude (by the converſe.of Prop. 
21.) be reduced to the Equator ; that is, find its 
Right Aſcenſion and Declination. And ſince 
the Sun's Right Aſcenſion is given, the Diffe- 
rence of theſe Aſcenſions will alſo be given. 
But from the given Hour of the Day, the Arc of 
the Equator intercepted between the Meridian 
and Circle of Declination drawn thro", the Sun 
is known: Therefore (Fig. 14.) B the Arc 
of the Equator, between the Meridian and PS 
the Circle of Declination paſſing thro* S, is alſo 
known; and conſequently the Angle P B, 


which it meaſures. In the Triangle Z PS, there 


are given the ſides PZ, Ps, (the one the 
Complement of the Pole's Elevation, and the 
other the Diſtance of the given Star from the 
Pole, known by its Declination,) together with 
the Angle Z P & juſt now found; by which means 


there will be known the fide Z , and the Angle 


PZ S. ZS is the Complement of the Altitude 
ES, and R B the Arc of the Horizon, which is 
calbd the Azimuth, meaſures the Angle PZS; 
and fince RO is a Quadrant, the Arc OE the 
Diſtance between O the Point of the true Eaſt and 
the Vertical Circle ZE drawn thro' 5, is alſo 
found. Again, in the Triangle ECA, compre- 
hended between the Vertical Circle Z SE, Hori- 
rizon HO R, and Ecliptic ACM, the Angles at. 
E and A are given, (the one being found above, 
Y 2 and 
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and the other a right Angle,) together with the 
ſide EA, comprehended between them, the Sum 
or Difference of the known Arcs OE, OA: There- 
fore the other things are alſo given, viz. AC, the 
Diſtance of the Point C from the riſing Point 4, 


(which is known, ) the fide EC, and the Angle 
E CA, which the Vertical Circle Z S E drawn thro 


the Star , contains with the Ecliptic. &. E. F. 

Thoꝰ this Problem be no more than the converſe 
of Prop. 26, yet becauſe of its frequent uſe, I thought 
fit to inſert it. 1 | 
E ths COROLLARY. | 
The ſame things being given, by the ſame La 
bour may the Place on the Earth, to which the 
Star 5 is Vertical, be determined. For in the 
Triangle ZP, in which all the Sides and An- 
gles are known, the fide P denotes the Di- 
ſtance of the Place on the Earth from the Pole P, 
from whence its Latitude is known ; and the 
Angle ZP is the Diſtance of the Meridians 
of the Place given and ſought. * But if & be in 
the Ecliptic, the Problem becomes more ſimple ; 
and is ſtill the more ſo, if it be the Sun, or the 
Point oppoſite to it. 


PrRoPOSITION XXXVII. 


H E Elevation of the Pole and the oblique 
Aſcenſion of a Star being given, to find its 
Cofmical and Achronical Ri ſing. 

The Circles of the Sphere | Fig. x5.] being 
mark*d by Letters, as oftentimes before, in the 
Triangle EO 4, there is given the Angle at E, 
07%, the Obliquity of the Ecliptic ; the fide EO 
the oblique Aſcenſion of the Star & (at leaſt the 
Diſtance of the Point of the Equator that riſes 
fogether with it from the next Equinox, from 
the oblique Aſcenſion given) and the Angle E OA 
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its Complement to two right ones: 'Therefore the 
fide EA will alſo be given; and conſequently 
that Point in the Ecliptic' that riſes with the Sun. 
Therefore when the Sun is in this Point of the 
Ecliptic, the Star S riſes Coſmically ; and the 


sun being in the oppoſite Point, the ſame Star 


riſes Achronically. And, after the like manner, 
may the Coſmical and Achronical riſing of a Star 
be found from the oblique Deſcenſion of the Star 
(found by Prop. 33.) | | 
But if the Coſmical riſing and ſetting ſignify 
the ſame thing with an Aſcent above the Horizon 
or Deſcent below it; the time of the Coſmical 
riſing and ſetting is determined by the preceding 
Prop. For the Altitude of the Star (being no- 
thing in its riſing or ſetting) is given, and there- 
fore the Moment of 'Time will be known. And 
then the Achronical riſing will ſignify what it 
commonly does, viz. the Evening one. And 
the Achronical ſetting all one with the Coſmical 
ſetting, (as it is commonly call'd) or Morning one. 


PRO POSITION XXXVIII. 


HO determine the Heliacal riſing and ſetting of 
a given Kar. 
Things remaining as they were, let D Pig. 16. 
be the Place the Sun is in when the Star & riſcs 
Heliacally. Therefore in the Triangle 4 FD 
there is given, beſides the right Angle at F, the 
ſide PD, viz. the Arc of the Sun's Depreſſion 
requiſite to permit the Star of a given Magnitude 


to appear; alſo the Angle DAF, which the 


Ecliptic comprehends with the Horizon, when 


the Star S riſes, found by Prop. 35; therefore the 


ſide 4 D will alſo be found. But this Arc added 


to the Arc EA (found by the preceding Prop.) 
gives ED the Diſtance of the Sun from the 
Equinoctial Point E, when & riſes Heliacally. 

| T IThere- 
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Therefore the time of the Heliacal riſing of 2 
given Star Swill be known ; it being the ſame as 
that wherein the Sun poſſeſſes D the Point of the 


Ecliptic faund. And, after the like manner, the 
Heliacal ſetting of it may be found. 


PrzoDo0sITION NA. 


HE Latitude of a Place and the Sun's Place 


being given, to find the beginning of the 
Morning and end of the Evening Twilight. | 
Let ZEPN | Fig. 17. | expreſs the Meridian; 


ES the Equator ; HO the Horizon, whoſe Poles 


are Z the Zenith and N the Nadir; & the Sun 
depreſſed below the Horizon: Thro' which let 


the Circle of Declination PSR and Vertical Cir- 


cle Z SN be ſuppoſed to be drawn. In the Tri- 
angle ZP & all the ſides are given, viz. P the 
Complement of the Height of the Pole; P S the 


Diſtance of the Sun from the Pole, known by its 


Place; and the fide Z 5, made up of a Quadrant 
and the Depreſſion of the Sun, neceſſary for the 
beginning or ending of the Twilight: Therefore 
the Angle Z P will be known, whoſe Meaſure 
is the Arc RE, which converted into Time, 
5 the Hours ſought, to be reckoned after 
Noon to the end of the Evening Twilight; and 
their Complement to 12 Hours, or the Arc R, 
the Hours to be reckoned from Midnight to the 
beginning of the Morning Twilight. 
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PROPOSITION XL. LEMMA. 
F two great Circles of the Sphere cut auother 
great Circle at equal Angles, the Arcs of all 
Circles parallel to this intercepted by the two cutting 
Circles are ſimilar to one another ; and the Arcs of 
the cutting contain'd between two Parallels are equal. 

Let two great Circles HEO, HQ R | Fig. 18. ] 
cut the great Circle E in E and &, ſo that 
the Angles HE , be equal. I ſay, the 
Arc A P of any Circle PAL parallel to EQV, 
intercepted between HE O and HR is ſimi- 
lar to E O, and the Arcs PE, AQ, of HEO, 
HR intercepted between two Parallels, are 
equal. Thro' the Poles of E QF, draw the great 
Circles PB, AC. Then the Sine of the Arc AC, 
is to the Sine of the Arc Ag, as (the Sine of 
AQC, to Radius:: Sine PEB :: Radius) the 
Sine of PB to the Sine of PE. But the Arcs 
PB, AC, are equal (by Prop. 14. B. 1. Spher. 
Theodof.) and therefore their Sines ; conſequently 
their Arcs AQ, PE are equal. Again, in the 
Triangles PEB, AQC, in which the Angles B 
and C (becauſe right) and E and & (by ſuppoſi- 
tion) are equal, and the ſides PE AQ, and P 
AC, are already ſhewn to be equal, the ſides EB, 
JC, will alſo be equal, and conſequently the Arcs 
E, BC are equal. But AP, B C (by Prop. 
10. B. 2, of the Spheroids, of Theod.) are ſimilar 
Arcs, therefore © E and AP are alſo fimilar. 
And becauſe the Circle PAL is taken at pleaſure, 
the Arcs of all the Circles parallel to EV com- 


prehended by the Circles HEO, HR, are ſi- 


milar to EQ, and conſequently to one another. 
9, E. D. | 


Y 4 PR o- 
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PrRxoPOSITION XII. 


O find the Parallel the Sun is in, at the time 
of the leaſt Twilight. | 

It has been long ago obſerved, that the Pro- 

portion of the Increaſe and Decreaſe of the Twi— 

light is very much different from the Increaſe and 

Decreaſe of the Artificial Days. For the Days 


are upon the Increaſe all the while the Sun 


returns from the Winter 'Tropic to the Summer 
one ; but the Twilights do not. For theſe are 
lefſen'd after the Winter Solſtice to a certain li- 
mit before the Vernal Equinox, where they are 
ſmalleſt ; and are afterwards increaſing while the 
Sun paſſes the Equator and moves towards the 


Summer Solſtice : And from thence they are up- 


on the decreaſe to a certain limit after the Au- 
tumnal Equinox ; and then again they increaſe 
to the middle of Winter. Let that Parallel then 
be propoſed to be ſought, that is deſcribed by the 
Sun in its Diurnal Motion, when the 'Twilight 
is ſmalleſt at a given Place. 


Let Z SNM | Fig. 19. | be the Meridian, SEM 


the Horizon, to which let a lefler Circle CAR 
calld that of the Twwilights, be parallel, viz. that 
wherein the Sun is at the beginning of the 
Morning and end of the Evening Twilight. Let 
AP be the Parallel ſought. Thro' the Point 4, 
where it interſects CR, ſuppoſe the great Circle 
ASHO to be drawn meeting the Horizon HO 
in O and H, and cutting the Equator E & in &, 
ſo that the Angle 4 QE be equal to the Angle 
PE D or TEK. And therefore (by the preced. 
Lemma) the Arc E is fimilar to the Arc PA; 


and the Arc ap of any other Circle parallel to 


the Equator, intercepted between O E & and 
O AL, vill alſo be ſimilar to the ſame AP or QF; 
and each of them will be the Meaſure of the 
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Duration of the 'Twilight, while the Sun deſcribes 

the Parallel PA. Bur becauſe (by Hypotheſis) it 

the leaſt 'Twilight, none of theſe Arcs, beſides 
p4 will reach to CR. (For while the Sun, in its 

Diurnal Motion, deſcribes any other Parallel, the 
Meaſure of the Duration of Twilight is. its Arc 
}, intercepted between the Horizon SE M and 

the Circle of 'Twilights CAR; which ſince it 
b (by ſuppoſition) greater than PA the Meaſure 
of the leaſt Twilight, *tis evident that pa does 
not reach to CR, becauſe pb, which is greater, 
only reaches ſo far.) And therefore the Circle 
of Twilights CA R touches the great Circle OA H: 
ind becauſe part of it under the Horizon, (vix. 
04H) is a Semi-circle, and CAR is Parallel 
tothe Horizon, tis evident that HL A or O 4, 
js a quarter of a Circle. And therefore the Cir- 
de NAT Z, deſcribed from the Poles O and H 
thro* 4, interſecting the Equator at K, is a great 
Circle, and paſſes thro* the Zenith and Nadir, 
and meets the Horizon at right 2 in T. 
Again, in the ſpherical Triangles ET N NAK, 
the Angles ET K, Q AK, (by Prop. 15. B. 1. 
Theod.) are right ones, and conſequently equa], 
3s alſo the Angles TEK, ASK, (by Conſtru- 
(tion) are equal, and the remaining ones T K E, 
AK are likewiſe equal, (becauſe they are Ver- 
tical:) From whence (by Spherical Trigonom.) 
theſe Triangles are mutually equilateral; that is, 
the Arc T K is equal to KA, and TE to A: 
But (by the preced: Lemma) QA is equal to 
EP, therefore 2 E is equal to EP. Beſides, 
in the Spherical Triangle ET K right. angled at 
7, (by a known Prop. in Spheric. Trigonom.) 
the Radius is to the Co-Tangent of the Angle 
(TEX) of Inclination of the Equator. to the Ho- 
rizon, as the Tangent of the Arc T K to the 


Sine of the Arc ET: And by permut. the Radius 
is 


12 ya) 


J * 


wok II. 


ail be foul! 
the Sur 


yn is in 
wilight 18 


330 The ELEMENTS Book Il. 
is to the Tangent of half the Arc of the Depreſ- 
ſion of the Circle of Twilights below the Hori. 


zon, as the Tangent of the Pole's Elevation to 
the Sine of the Arc ET or EP. Again, in the 


Triangle E DP, (making DP the Circle of De. Mitt is wh 
clinat ion) right angled at D, the Sine of the Arc rds th 
EP is to the Sine of the Arc DP, as the Radius x, which 
to the Sine of the Angle DEP; that is, to the iſtic 22* 0 


the Jul 
us in 1 
Twilights 
the middle 
this Proble 
tions in, 
liſhed in 
Aab roſius 


Co- ſine of the Elevation of the Pole : But in all 
Arcs, the Tangent is to the Sine as the Radius to 
the Co- ſine; wherefore the Sine of the Arc EP 
is to the Sine of the Arc DP as the Tangent of 
the Height of the Pole to the Sine of it. And 
by inverting and permutation, the Tangent of 
the Height of the Pole is to the Sine of the Arc 
EP, as the Sine of the ſaid Height is to the Sine 
of the Arc DP. But (by what has been ſhewn 

before) in the caſe of the leaſt Twilight, as the 


Radius to the Tangent of half the Arc of the De- Na I 
preſſion of the Circle of Twilights, ſo is the Tan- Dial 
gent of the Height of the Pole to the Sine of the Le, Aug 
Arc EP; and therefore the Radius is to the Every 
Tangent of half the Arc of the Depreſſion of the b ſuppoſe 
Circle of Twilights, as the Sine of the Height of (becauſe | 
the Pole to the Sine of the Arc PD, vis. of the anèes L 
Declination of the Parallel that the Sun deſcribes nd conſe 
when the Twilight is leaſt. & E. I. bs 95 
1 et 
| S . palling t! 
If the Depreſſion of the Circle of 'Twilights Noduced 
below the Horizon be 184 (as it is commonly IRSM 
determined,) the Radius will be to the 'Tangent Place, E 


of ga as the Sine of the Latitude to the Sine of the I and 

Declination of the Sun towards the depreſſed Pole I Circle in 

at the time of the leaſt Twilight. But the Decli- being gi 

nation of the Parallel and Obliquity of the Eclip- lured by 

tic being given, the two Points of the * Fat wh 
| Wil 
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Plane TR SC declines from HO the Merigi 
Line drawn on the Horizontal Plane, by Pr, 
16. EZ R is alſo given, that is, the Arc of | 
Vertical Circle perpendicular to IR SC, inte 
cept:d between the Zenith and the ſaid Cirel 
being the Meaſure of the Inclination or Recliy 
ron of the {aid Plane. In the Spherical Triang 
MZR right angled at R, there is given 2] 
and the Angle RZ M, equal to the Compleme 
of the Angle IT H to a right one: (For th 
Vertical Circle, Z R perpendicular to the Cirel 


de Axis P 
Ingle of t 
e rectilii 
the Plan 
de Merid: 
le TS, 


yerpendICl 


0 F. 


TRSC, declines from the Prime Vertical (drayf 

thro' the Eaſt and Weſt Points of the Equinoctia Hot 
as much as TT does from H; and conſequeni ri Dial 
ly the Complement of the one, viz. RZ M, ili «give 
equal to the Complement of the other, viz. 1TH The ſat 
Therefore the {ide R M will be found, or Hg. 21. 
Angle (which it meaſures) in the Plane of .f of w 
Dial RZ M. But TR is given by Poſition Mn by | 
(for it is ſuccedaneous to a perpendicular on tt (circle be 
ſame Plane, or a right Line perpendicular to ti contain'd 
Horizontal Line 1TC;) wherefore the MeriMTherefor 
dian Line 2. M ſought in the Plane of the Di ee given 
or the common Interſection of the Plane of tie ad the 
Meridian and the Plane of the Dial, will be giMWThercfor 
ven. In the ſame Triangle M R, are ao Angle I 
found the fide Z M and Angle RMA, whichWWthe Hor 
will be of uſe by and by. Again, thro' the Pole WT 17. 'I 
the World P, draw an Arc of a great Circle HY Prop. 


perpendicular to IRS C.: And in the TriangiefMthe giver 
R SM right angled at “, there is given the E. F. 
Angle PSM found juſt now, and the fide P And a 
the Sum or Difference of the Arc IM tound by draw 

before, and of the Diſtance of the Pole from the ſumed 
Zenith, viz. Z P. Conſequently there will be Prop.) 3 
known both the Arc PS, or the Angle PTS te Ang 


which it meaſures, being the Inclination g the othe 
the 
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Axis PT to the Plane 1R C, that is, the 
Ingle of the Style fought ; and the fide MS, or 
- rectilineal Angle ST M, which it meaſures 
"the Plane of the Dial, contained between TM 
te Meridian determined before, and the Sub- 
lo T'S, vix. that upon which the Plane of the 
nomon PTS ſtands, having its other Edge 
i the Axis of the World PT caſting the ſhadow 
perpendicular to the Plane of the Dial. & E. F. 


PrRoPosITION XLIII. 

NO find the Angle, that the Line of a given 
Hour makes with the Meridian in the Plane 

if Dial; and thence to deſcribe a Sun-Dial up- 
w 7 given Plane. | | 
The ſame things remaining as before, let BP 
Eg. 21. | be the Hour Circle, the Interſection 
Wok whoſe Plane, with the Plane IMC, gi- 
jen by Poſition, is fought. The Hour of this 


WCircle being given, the Angle HPB or MP 


contain'd by it and the Meridian, is given. 
Therefore in the Spherical Triangle PM, there 
we given (by the preced. Prop.) the fide PM, 
md the Angle PMb, as alſo the Angle MPb- 
Therefore the Arc M b is found; and the rectilineal 
Angle MT, which it meaſures, being that which 
the Hour Line Tb makes with the Meridian 
TM. Therefore the right Line TM being given 
(iy Prop. preced.) the Hour Line ſought Th, in 
the given Plane of the Dial, will be determined. 
Fr after this manner a Sun-Dial may be made, 
by drawing a Meridian and Subſtyle from a Point 
aſſumed at pleaſure for a Center, (by preced. 
Prop.) and erecting upon the Subſtyle a Style in 
the Angle found alſo by Prop. preced. and drawing 


the other Hour Lines in Angles with the Meridian 
M, 
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T M, determined by this Propoſition, and mar 
ing them with their proper Numbers. Th 
T is the Hour Line of Eleven after Midnighy 
if PB be a Circle to the Eaſt of the Merigi. 


PZ H, making with it an Angle of 15d; thy 
is, if Tb be to the Weſt of the Meridian Lin 


T M, and the Angle MP in the Surface of the 
Sphere be of 15%. And after the like manner 
7A, ſituated on the {ame fide, will be the Hou 
Line of Ten, if MPX be zo, and ſo on. 


PrRoPOSITION XLIV. 


"JO draw a given Hour Line upon a Sun-Dil 
whoſe Plane paſſes thro the Poles ; and [11 
deſcribe a Polar Dial. | 
Becauſe all the Hour Lines interſect one and 
ther in the Axis of the World, and this Axis ig 
always in a Polar Plane; *tis evident that all the 
Hour Lines, in ſuch a Plane, are to be found in 
that Right Line: But that they may be diſtin 
guiſhed, and not confounded with the Subſtyle 
the Dial is not to be conceived as deſcribed in 
the Plane TMC itſelf, | Fig. 22. | paſſing thro 
the Center (as it is in all other Caſes,) but in 
another Plane 7m y, parallel and near to the for- 
mer; ſo that the opake right Line that caſts the 
ſhadow and coincides with the Axis of the World, 
is diſtant from the Plane 729, by the right Line 
PS: And ſince the Diſtance of the Sun is look! 
upon as Infinite, any given right Line as P 
vaniſhes in reſpect of it, and the parallel Plane 
paſſing thro' IMC, imy, are eſteem'd as ver} 
near one another; and the Portions, P, Fb, 
&c. of the Hour Circles H Pm, B Pb, &. 
croſſing one another in the Pole P, intercepted 
between the Pole and the Circle in y, are to be 


look'd upon as right Lines; and the Part 1 * 
phe 
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Spherical Surface which theſe Portions take up 
(being infinitely ſmall in Com pariſon of the whole) 
i; to be Jook'd upon as a Plane. : 
Therefore, in the Polar Plane, having found 
(by Prop. 42.) the Subſtyle, erect a Style of any 
treadth taken at pleaſure, as PS, whoſe other 
Edge plac'd in the Axis of the World is parallel 
othe Subſtyle ; for in this caſe there is no Angle 
of the Style. To find the Meridian Line, ob- 
ſerre that in the rectilinear Triangle P m, be- 
ſdes the right Angle at S, there is given the ſide 
PS, namely the height of the Style; and the 
Angle Sm Þ equal to the Angle MP, found 
at Prop. 423 hence you may find S the Di- 
ſince of the Meridian Line from the Subſtyle in 
the right Line S mn, which is perpendicular to 
the Subſtyle, becauſe M (parallel to 7 y,) is 
perpendicular to P'; and you may alſo find the 
fide Pm: Therefore a right Line drawn thro' 
the Point mn, parallel to the Subſtyle (becauſe, 
1s was ſaid before, the Hour Lines and Subſtyle, 
which is alſo one of them, on this ſort of Planes 
we parallel) will be the Meridian Line in the 
Sun-Dial propoſed. N | 
If the Line of any other given Hour is to be 
drawn, whoſe Circle, for Inſtance, is BP; in 
the Triangle Pb m there are given the Angles 
Pmb, and m Pb, the one found before, and the 
other equal to the Vertical Angle Z PB, given 
(becauſe the Hour of the Circle P B is given;) 
alſo the ſide Pm determin'd before: Hence 
therefore may mn be found, whoſe Extremity n 
ls given, and conſequently + alſo will be given. 
Therefore a right Line drawn thro” it, parallel 
to the Subſtyle, will be the Hour Line of the 
Circle BP. And after the like manner may all 
the other Hour Lines be drawn, and a Sun-Dial 
made upon a Polar Plane. & E. F. 
There 
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There are other eaſy Methods of making Syn. Earth, 


Dials; but we have taken the moſt obvious, an; Surface 
one that is the fitteſt for the Illuſtration of th Sphere 
Doctrine of the Firſt Motion: And, after ti {ecn fr 
manner, *tis eaſy to deſcribe upon a Sun- D «, but 
any other ſuch Furniture as may be ſhewn by ten © its 
ſhadow of a Gnomon. | true Pl 

| Ko, E 
* a " — it may 
05 
- SECT lo VI. e 
Concerning the Parallax of the Stars, wh 
GE conſide 
; PROPOSITION XLV. From \ 
O deſcribe the Nature of a Parallax, aud I Paralla: 
enumerate the various ſorts of it. Circle 1 
Thro' all this Book we have ſuppoſed the Phe. {o muc 
nomena, whoſe Places we have been treating o alike) i 
to be ſituated among the Fix'd Stars; or (if the in the 
are placed between the Center of the Earth and referr'd 
Surface or Fix*d Stars) that they are referr'd toi if it 
the Fix'd Stars by the help of right Lines dra there is 
from the Center thro' the Phenomena ; that is By r 
that they are ſeen from the Center. And tho the (which 
Earth, in reſpe& of the Sphere of the Fix'd Stars, iſ or {imp 
is taken for a Center, and puts on the Nature i enon 


one, yet in reſpect of the Diſtances of the other For let 
Celeſtial Bodies it does not happen ſo ; but mn C | Fig 
intermediate Phenomenon, ſeen from the Su- the Pa 
face of the Earth, will have a place among tbe Circles 
Fix'd Stars (or in an infinite diſtant Surface of ? mee 
concave Sphere concentric with the Earth,) diffe- *Pparen 
rent from that which it appears to have when true one 
ſeen from the Center; and this Diverſity of ap- tude ma 
pearance is very fitly call'd the Paralla: Thus which 


for Inſtance, i L T | Fig. 23.1 repreſents the And the 
| | Earth, ap Parent 
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king Sun- Earth, whoſe Center is C; L a Place on the 
vious, and Surface, whoſe Zenith is Z; and Z H the 
In of the Sphere of the Fix'd Stars; the Phænomenon P 
after ti {ecn from L will appear among the Fix'd Stars at 
g, but ſeen from the Center C, it will appear at 
$ its true Place. The Difference between its 
true Place & and the apparent one , or the Arc 
Ss, is the Parallax of the Phenomenon P. And 
it may be expreſſed by the Angle S Ps, or 
LP C; for ſince LT in reſpect of the Circum- 
ference Z SH vaniſhes, 2 P alſo (to which LT 
has a ſenſible Proportion) is as a Center in re- 
ſpect of Z H; that is, the Arc Ss may be 
conſider'd as deſcrib'd upon the Center P. 
From whence it is. evident that by reaſon of the 
Parallax, any Phenomenon appears in a Vertical 
Circle nearer to the Horizon than it is, and that 


Stars, 


, and ty 


the Phe. ſo much the more as (other Circumſtances being 
ating of WW alike) it is leſs elevated; and that a Phænomenon 
r (if they in the Vertex z, ſeen from the Surface at L, is 
Earth and referr'd to the ſame Place among the Fix'd Stars, 
eferr'd is if it had been ſeen from the Center C; that is, 
es drawn there is no Parallax in the Zenith. 117 

> that is, By reaſon of the Parallax before deſcribed 


d tho the (which is call'd either the Parallax of Altitude, 
xd Stars, or ſimply the Parallax) the Place of a Pheno- 
Nature oi Menon is alter*d as to Longitude and Latitude: 
the other For let the true Place of a Phenomenon be 
; but u [| Fig. 24.) and the apparent one y, ſo that 
the Sur- the Parallax. be Cy ; if you imagine the 
aong the Circles of Latitude C E, y « drawn thro' C and 
rface of :, meeting the Ecliptic EL in E and , the 
h, ) diffe- apparent Place in the Ecliptic will be e, and the 
ve when true one E; and therefore the change of Longi- 
ty of ap- dude made, by reaſon of the Parallax, is Ee, 
x : Thu hich is alſo call'd the Parallax of Longitude. 
ents the And the true Latitude CE is changed into the 

Earth, H' Pparent one 5, the Difference of which 10 

FR | (ſup- 
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(ſuppoſing Co parallel to the Ecliptic) is the 
Parallax of Latitude. But if it happens that the 
Vertical Circle, as. Z D N, paſſing thro' the Phæ- 
nomenon D, is alſo perpendicular to the Ecliptic 
(which comes to paſs when it paſſes thro” the 
higheſt Point of the Ecliptic A, or Nonageſime 
Degree from the Eaſt) then the Parallax affect: 
only the Latitude. For by the Parallax the 
Place is only changed in the Vertical Circle, and 
becauſe (in the preſent Caſe) this coincides with 
the Circle of Latitude, the Place is only chang 
in this, that Point of the Ecliptic continuing un- 
chang'd, to which it is referr'd by the faid Circle 
df Latitude: and in like manner only the Lon- 
gitude is ſometimes affected, the Latitude con. 
tinuing unchang'd, viz. when the Phenomenon 
is in the Ecliptic paſſing thro' the Zenith. From 
whence it is evident, that the Longitude of a Phæ- 
nomenon ſituated to the Eaſt of the Nonageſine 
Degree of the Ecliptic, is increaſed by the Px 
rallax, becauſe it is remov'd more to the Eaſt up- 
on this account ; but that the Longitude of one 
fituated to the Weſt from thence is leſſen'd: 
Wherefore, beſides all other motion which the 
Phenomenon may have, it will ſeem to be mo- 
ved by reaſon of the Parallax, becauſe change 
the Parallax, and its apparent Place will be 
chang*d. And this motion, becauſe not real but 
apparent, is call'd by ſome the Parallax of Moti 
Now, what is to be underſtood of a Phænome- 
non in reſpect of the Ecliptic and its Secondaries 
is to be underſtood after the like manner concen: 
ing the ſame in regard of the Equator. 
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PRO POSITION XLVI. 


the Phæ- 90 F Diſtance of a Phænomenon from the Earth 
Ecliptic is to the Semi- diameter of the Earth, as the 
thro' the Fre of the apparent Diftance from the Vertex is to 
nageſime the Sine of the Parallax. 


X affects Let T be the Center of the Earth; | Fig. 25.] 


llax the L a Place on the Surface, whoſe Zenith is Z, 
cle, and Wil and Horizon H; and let the Phænomenon be 
ides with np. Now (from the known Property of a re- 
change &ilineal Triangle) T'P is to TL as the Sine of 
Ng ur. the Angle TP L (or of its Complement Z LP 
ud Circle BY to two right ones) to the Sine of the Angle 
he Lon- PL; that is, the diſtance of the Phænomenon 
ude con. £m the Center of the Earth is to the Semi-dia- 
10menon Bl meter of the Earth, as the Sine of the apparent 
„ Fron ifince from the Vertex to the Sine of the Paral- 
a The. hs. 9, E. D. 

wan Conſequently the Parallax agreeing to a given 
the Pa- 


Altitude being given, the diſtance of that Phæ- 


Eaſt up. nomenon from the Earth will alſo be given ; and 
le of on: Wl (© vice verſa. 7 

lefſen'd WW 7 Te 

nich the PrxoPosItion XLVII. | | 
be mo- E Sines of the apparent diſtances of a Ph 
> Change nomenon from the Vertex are as the Sines of 


will K 1 Parallaxes. | | 
real bu For (by Prop. preced.) the Sine of the apparent 
Acta diſtance from the Vertex is to the Sine of the Paral- 
nome; lex, as the diſtance of the Phænomenon from the 
ondarie Center of the Earth is to the Semi- diameter of the 
concemi Earth; that is (in the ſame Phænomenon) in a 
conſtant Ratio. Wherefore, as the Sine of the ap- 
parent diſtance from the Vertex in the firſt Obſer- 
vation is to theSine of the apparent diſtance from the 
Vrtex in any other Obſervation, ſo is the Sine of 
the Parallax in the firſt Obſervation to the Sine of 
the Parallax in the ſecond Obſervation. & E. D. 
. 2 2 ä PR Os 


PRo- 
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PROPOSITION XLVIII. 


HE Parallaxes of two Phenomena at unequal 


. diſtances from the Center of the Earth, by 
whoſe apparent diſtance from the Vertex is equal, 
are reciprocally as the diſtances from the Center of 
the Earth. 

Things being expreſs'd as before, let the tyo 
Phenomena be P and p | Fig. 26.] at an equal 
apparent diſtance from the Vertex Z, meaſured 

by the Angle Z LP. "Tis ev ident that the Sine 
of the Angle LPT, is to the Sine of the Angle 
Pp T, or LpT, that ! is, that the Sine of the Pn. 
rallax of the Phenomenon P, is to the Sine of 
the Parallax of the Phænomenon p, as T Þ to TP, 
that is, reciprocally as the diſtances of the Pheno- 
mena from the Center C. 


PROPOSITION XLIX. 


H Ratio of the Sine of the Parallax of uit 
Phenomenon to the Sine of the Parallax 
another Phenomenon is compounded of the inverſe 
Ratio of the diſtances from the Center of the Earth, 
and of the direct Ratio of the Sines of the apparel 
. diſtances from the Vertex. 

For when the diſtance ſrom the Center of the 
Earth is given, the Sine of the Parallax is as the 
- Sine of the apparent diſtance from the Vertex, 
- (by Prop. 47 ;) and the apparent diſtance from 
rhe Vertex being given, the Sine of the Parallax 

is reciprocally as the diſtance from the Center (by 
Prop. preced.) And therefore when neither 1s 
- given, the Sine of the Parallax is conjunctly as 
the apparent diſtance from the Vertex directly, 
and the diſtance from the Center of the Earth re- 
- Ciprocally. , E. D. 
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PRO POSITION L. 


O ind the Parallax of a Phœnomenon not 
changing its Declination, and paſſing between 
the Pole and Vertex. | 

Let Z P | Fig. 27.] be the Meridian, and in it 
Z the Zenith, and P the Pole; let the true Place 
be V and L the apparent Place of the Phænome- 
non, whoſe Parallel, deſcribed by the firſt Mo- 
tion, is VA. Moreover, let the Vertical Circle far. 
theſt off from the Meridian be ZA, touching the 
Parallel YA, and let PA be an Arc let fall perpen- 
dicularly upon it, from the Pole P. In the Sphe- 
rical Triangle Z AP, right angled at A, by ha- 
ving the Side Z E, the Complement of the Height 
of the Pole, and the Angle PZ 4, or Azimuth 
known by Obſervation given, you will find the 
Side PA, or PV equal to it, being the true diſtance 
of the Parallel from the Pole P; the Sum or 
Difference of this and Z P is ZV, the true Di- 
ſtance (or that ſeen from the Center of the 
Earth) from the Vertex Z : And the Difference 
between this and the apparent one Z L, namely 
VL, is the Parallax of the Phænomenon agreeing 
to the Altitude in Y. Q, E. I. 


PxoposITION LI. LEMMA. 
HE Sum or Difference of any two Arcs, to- 
gether with the Ratio of their Sines, being 
given, to find the Arcs themſel ves. 
Firſt, if the Sum of the Arcs be given, the 
Problem is all one with that common Trigonome- 
trical one, where two Sides A B, AC, | Fig. 28. 
of a rectilineal Triangle being given, together 
with the included Angle BAC, the other two 
Angles B and C, are required: For when the 
Angle BAC is given, the Angle BAD is the 
Sum of the Angles B and C themſelves; and 
| Z 3 the 
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the Ratio of the Sides AC, AB, is the ſame 
with that of the Sines of the Angles B and © 
This Problem therefore will be ſfolv'd after the 
. ſame manner as that; for tis known that the Sum 
of the Sides AB, AC is to their Difference 
that is, the Sum of the Terms of the given Ratio 
3s to their Difference, as the Tangent of half the 
Sum of the Angles B and C or of the Arcs that 
meaſure then, to the Tangent of half the Dif. 
ference of them: But the Sum and Difference ot 
the Terms of the given Ratio are given, and the 
Sum of the Arcs being given, the Tangent of 
half the Sum is given ; therefore the Tangent of 
half the Difference will be known, and conſe- 
quently half the Difference it ſelf ; from hence 
and half the Sum, will the Arcs themſelves b 
known. But it the Difference of the Arcs be gi 
ven, half the one and Tangent of the other wil 
be given, and conſequently (from the former 
Proportion) the Tangent of half the Sum of 
them, and the half Sum it ſelf will be found; 
from whence the Arcs themſelves will become 
known, after the like manner as before. & E. 


PxOPOSTTLION LII. 


Doz H the Meridian Altitudes of a Phenomenn 
being given, which does neither change iti 
Declination, nor ſet, to find its Parallax. 
Let Z Hbe a quarter of the Meridian | Fig. 29. 
reaching from the Zenith to the Horizon, in 
which the Pole is P; and let the real Place of the 
Phenomenon above the Pole be A, and the apparent 
one « ; its true Place below the Pole B, and its 
apparent 9. If the Phenomenon paſſes between 
the Pole and the Vertex, the Difference between 
the obſerv'd Diſtances from the Pole, viz. PS 
P 4, is the Sum of the Parallaxes in « and *. 
For a Circle deſcribed from the Pole P thro' 1 
a” | a pave 
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ook II, 
the . ſes alſo Hro' B, becauſe the true Declination, 
B 11 of the Phænomenon is always the ſame. If far- 
after the MI the! thro? « from the ſame Pole you deſcribe the 
t the Fs: Circle à C, then will PC = Pa; and therefore 
ifferenc 25 — Pa = (P -PC = C28 > = to the Sum 
5 of the Parallaxes in æ and 6. But the Sum of 


ven Ratio the Parallaxes in à and & being given, and, the. 


190 8 Ratio of their Sines, (being the lame, by Prop. 
* the Dif. 47. with the Ratio of the Sines of the apparent 
erence of Diſtances from the Vertex, ) the Parallaxes them- 


ſelres ſought, will alſo be found by the preced. 
Lemma. | 1 815 | 

If the Phenomenon paſles beyond the Vertex 
in reſpect of the Pole, then the Difference be- 
tween PA, Pa | Fig: 39. | the Diſtances obſerv'd 


and the 
ingent of 
angent of 
ad conſe. 


2 atom the Pole is equal to the Difference of the 
res be gi. Parallaxes. For ſince B 8 is the Parallax in the 
ther wil apparent Place &, and 4 or (the fame Prepara- 
e former ton being made ufe of as before) BC in the Place 
Sum of C (that is, 24g - Pa) is the Difference of 
e found; the Parallaxes in the apparent Places 2 and a. But 
become be Difference of the two Arcs being given, to- 
2 Ef gether with the Ratio of the Sines (v7z. the 


ſame with the Ratio of the Sines of the apparent 
Diſtances Za, £ 6 from the Vertex,) the Arcs 
themſelves or the Parallaxes ſought will be found. 


ment d. 

hel But if the Phenomenon paſſes thro' the Vertex 
it ſelf; that is, if the Points Z, A and « coincide, 

Fig. 29. as alſo B and Gs then B g or C8 is the Parallax 

rizon, "Wy *: ſelf of the apparent Place g. 

ce of the 


PROEOSIT ION LIII. 


— BY TH the Alfitudes of a Phenomenon, that does 
deere not change its Declination, being given, aud 
between “ erved in the ſame Vertical Circle, to find its Pa- 
P Alla. 2 | 

a and “ The reſt being expreſſed as before, let £4 B 
bro! 4 [Fig 31.] be the Vertical Circle, in which the 


palit 2 4, Phe- 
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Phznomenon has been twice obſerv'd; iz. in 3 


and &, but whoſe true Places are A and B, and 
JE the Parallel of the Phenomenon deſeribd 
by the firſt Motion. From the ſaid Pole P, thro 
an deſcribe another Circle « C, and the Portions 
Ae, BC of the Vertical Circles intercepted be- 
tween them (by Prop. 13. B 2. Spher. of Thee. 
doſtus) are equal; and therefore Cg is either the 
Sum or Difference of the Parallaxes Aa, Bg. 
And to find it, let the greater Circles, Pa, PC, 
be imagin'd to be drawn. In the Triangle 2 oP, 
Z P the Complement of the Height of the Pole, 
Za the obſerv'd Diſtance of the Phenomenon in 
a from the Vertex Z, and the contain'd Angle 
« E P, from the Azimuth, known by Obſerys- 
tion, being given, you will find & , to which 
the Arc CP is equal. Again, in the Triangle 
PZC, two Sides EZ, FC being given, toge- 
ther with the Angle PZC, ZC will alſo be 
known, whoſe defect or what it wants of the ob- 
ſerv'd Arc ZE, is Cg, the Sum of the Parallaxes 
in the Places « and ę, when PZ exceeds Pa; or 
their Difference, when PZ is leſs than Pe. 
But in both Caſes, when over and above, the 
Ratio of the Sines of the ſaid Parallaxes is given, 
(namely the ſame, by Prop. 47. with the Ratio 
of the Sines of the apparent Diſtances from the 
Vertex,) both the Parallaxes agreeing to the ap- 
parent Places « and & will be found. 


PrxoPosITION LIV. 


WO Altitudes of the ſame Phenomenon ob- 

ſerved at the ſame moment of Time in the 

common Azimuth of two given Places upon the Earth, 
to find the Parallax of the Phenomenon. 

Let the two Places on the Earth be A and B, 

[ Fig. 32.] whoſe Vertices are Z and X, and the 

common Azimuth Z D; and let the true Place 
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or the Phænomenon be D, and ꝙ the Place ob- 
ſerw'd at 4, and d its Place ſeen at B. And firſt 
et theſe Points be between the Vertices Z and X. 
The Sum of the apparent Diſtances from the Ver- 
ex, (viz. of the Arcs Z and A d.,) known by 
Obſervation, exceeds Z X the Diſtance of the 
Vertices (found by Prop. 24.) by an exceſs equal 
to 4%, the Sum of the Parallaxes. But if the 
points D, d, , be without the Arc Z A, the dif- 
ſerence of the apparent Diſtances from the Ver- 
tex (viz. Z leflen'd by X d) exceeds the Di- 
ſtance of the Vertices X Z by an excels equal to 
the difference d of the Parallaxes ſought. 


Beſides the Sum or Difference of the Parallaxes - 


found after the manner deſcrib'd before, there is 
giren the Ratio of the Sines of the ſaid Parallaxes, 
viz, the ſame (by Prop. 47.) as the Ratio of the 


vines of the Arcs Z , Xd of the apparent Di- 


ſtances from the Vertex. From whence (by 


Prop. 51.) in both Caſes the Parallaxes themſelves 


will be found. Q. E. F. 


PzxoPposITION LV. 


IVEN two Altitudes of a Phenomenon ob- 


ſervꝰd at given Places on the Earth, the ſame 

moment of Time, even without the common Axi- 
ut, to find the Parallax of the Phenomenon. 

The Longitudes of the Places being given, the 


| lame moment of Time neceſſary for making the 


Obſervation in them, is expreſſible by the Num- 
ber of Hours reckon'd from Noon or Midnight 


reſpectively, and their difference is equal to the 
difference of Longitudes turn'd into Time, the 


more Eaſtern Place reckoning more Hours ; 
which is determin'd during the Obſervation in the 
preced. Prop. when the Phenomenon is found in 
the common Azimuth, unleſs both Places be in 


the Equator. Let XZ | Fig. 33.] be the com- 


mon 
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mon Azimuth of the two places upon the Earth, 
whoſe Vertices are X and Z; from which at the 
fame moment of Time (tho? expreſſed differently 
let the Phenomenon be obſerv'd, whoſe trug 
place let be D; and its place ſeen from that place 
whoſe Vertex is A, d, and from the place 
whoſe Vertex is Z, J. In the Triangle X DZ 
the Angles X and Z between the common A5. 
muth of the places and the obſerv'd Azimuths, 


and the fide X Z the Diſtance of the Vertice; f 


Cfound by Prop: 24.) being given, the Arcs X), 
Z D may be found, and they ſubſtracted from 
Xd, 4, obſerv'd, leave Dd, D the Parallaxe; 
fought. Q. B. F.. 5 2 9 


21, 1 PROPASEFTION LVI. 

O find very exattly the Parallax of a Phen- 
1 © mmenon, by a method not much different from 
the two foregoing ones, by the help of ſome neigh- 

ouring Fix'd far.: ] 1 
When the Phænomenon, whoſe Parallax is 
ſought, is in XD the common Azimuth | Fig. 
34. | of the two places on-the Earth pitch'd upon 
for this purpoſe, whoſe Vertices are X and 2; 
let it be obſerv'd with ſome neighbouring Fix'd 
Star; and let & be the place of the Fix'd Star, 
d the place of the Phenomenon 'obſery'd at the 
place below X ; conſequently in this Obſervation 
| there are given the Arc X 4 the apparent Diſtance 
of the Phenomenon from the Vertex, the Arc 
Sd the Diſtance between the Phenomenon and 
the Fix'd Star, together with the Angle X48 
contain'd between it and the common Azimuth. 
At the ſame moment of Time from the place be- 
low Z, where the apparent place of the Phæno- 
menon is d, let Z 9, $4 and the Angle $/ Z be 
obſerv'd: And tho? the Arcs Xa, Z % can't be 
obſery*'d exactly, (becauſe there is need of 4 


2 Qua: 


Book 


(Quadr 
for ou 
accura 
would 

withit: 
ples at 
bY Pre 
and n. 
Specul 
right 

Azimu 
(if it ſ 
acquai 
vation: 
95 & 
them, 
Sum o 
and th 
D, ( 
Phænc 
of the 
from t 
themſe 
(by Pi 
ſame 
may b 
themſ 
witho1 
If the 
non bt 
places. 
thro? 1 
appare 
be dra 


ook II 
e Earth, 
ch at the 
erently,) 
ole trug 
ut place 
E place 
2 X DZ, 
on Asi. 
zimuths, 


Vertices 


rcs XD, 
ed from 
arallaxez 


1 Phun 
ent from 
e neigb. 


rallax is 
th | Fig, 
1d upon 
and Z 3 
g Fix'd 
d Star, 
1 at the 
>rvation 
Diſtance 
the Arc 
ion and 
> Xas 
zimuth 
ace be- 
Phæno- 
5 be 
an't be 
d of 4 

Qua: 


Book II. of ASTRONOMY. 347 
Quadrant £0 meaſure them ;) yet they may do 
for our purpoſe ; But if they could with pertect 
accurateneſs, the Parallax of the Phenomenon 
would (by Prop. 54.) immediately appear. Not- 
withſtanding this, the Arcs 44, & and the An- 
ples at d and 4, may be oblery'd very accurately, 
by projecting the Image of the Phenomenon 
and neighbouring Fix'd Star &, by the help of 
Sreculums or Lens upon a Plane, whereon a 
right Line is drawn repreſenting the common 
Azimuth AZ; and being inthe place of is Image, 
(if it ſhould project any ;) as is evident to any one 
acquainted with Optics and Aſtronomical” Obſer- 
yations, Then in the Triangle 4s, the ſides 
$4, Fd, with the Angles d and, ſubtended by 
them, being given, the Baſe 4 A, which is the 
Sum of the Parallaxes, will be found; from which 
and the Ratio of the Sines of the Segments , 
D, (D being ſuppoſed to be the true place of the 
Phxnomenon,) which is the ſame as the Ratio 
of the Sines Zf, Ad of the apparent Diſtance 
from the Vertex (by Prop. 47.) the Segments 
themſelves Dad, D the Parallaxes ſought, will 
(by Prop. 51.) become known. Much after the 
ſame manner the differences of the Parallaxes 
may be found, and from thence the Parallaxes 
themſelves (by the ſaid Lemma)) if D, a, J, bc 
without XZ, but yet in the continuation of; it. 
If the true place D | Fig. 35. | of the Phænome- 
non be without the common Azimuth XZ of the 
places, the ſame things being expreſſed as before, 
thro* the Vertices X and Z and the reſpective 
apparent places, let the Vertical Circles X 4, 2 9 
be drawn, whole Interſection is the true place D 
of the Phenomenon. Draw alſo thro* 5, the 
place of the Fix'd Star, the Vertical Circles X &, 
25, and join the points S, , 4 by the great 

Ss: . : Circles 


c 
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Circles Sd, S, dd. Let the Obſe 

A, obſerve accurately (beſides the Ke T h . 
Angles Ad, X Sd and the ſide Sd, either b 
the Method inſinuated above, or any other Wis. 
exact ; in like manner let the Obſeryer delos 
(beſides Z J) obſerve the Angles Z % , 254 
and the Arc S . Again, the Habitations bein 

given (by Prop. 24.) Z X is given, and fg 
the ſituation of this, by the Obſervation of the 
Fix'd Star S, the Angle Z X S, X Z F, are had; 
from whence the Angle X SZ. will be known, 
which taken from the Sum of X Sd, 254 wil 
leave d S, from which and the fides $4, S0 
being known, the Angles & d, S d, and the 
fide 4H are found. But Sd X, S Z, were 
known by Obſervation ; conſequently the re. 
maining Angles Pd, D are known, by 
which and the fide 44 known in the Triangle 
Dad , the ſides D d, D , the Parallaxes ſought 
are found. 7 


PROPOSITION LVII. 


FI YO Obfervations of a Fix'd Phenomenon, 

1 that is, one that has only a diurnal Motion, 
being given, to find its Parallax. | 

Let ECLT | Fig. 36.] repreſent the Ecliptic, 
B the true place of the Phenomenon, entirely 
fix d in regard of the Ecliptic. And in' the one 
Obſervation let Z BL be a Vertical Circle, in 
which Z is the Zenith, and ęę the apparent place 
of the Phenomenon ; in the other, let X B L 
be a Vertical Circle, X the Zenith, (for the 
Vertical point may be cenſider'd as mov'd in re- 
gard of the Ecliptic unmov'd, as well as the Eclip- 
tic in reſpect of the Vertex unmoy'd, and indeed 
more properly ;) and b the apparent place of the 


Phænomenon. From the firſt Obſervation (by 
| the 


Book 
the Pre 
before, 
Ecliptic 
B meet 
Portion 
the Len 
contain 
the Ecl 
Obſerv: 
of the 
SCl 
. 
and the 
Diſtanc 
ſides B 
the Arc 
X B. 

known 
BZ, B. 
ng tO | 


both Ty. 
Mak 
tike B 
equal tc 
tios 
done oj 
to EF. 
poſitior 
of the. 
compoi 
and E. 


Dok II. 


r below 


X 4) the 


ther by 
er more 
below 7, 
„ 284 
is being 
1d from 
of the 
re had; 
known, 
5%, will 
Sd, $4, 
and the 
Ly Were 
the re- 
dn, by 
Triangle 
ſought, 


nomenon, 
' Motion, 


Ecliptic, 
entirely 
*the one 
rcle, in 
nc place 
XBL 
(for the 
d in re- 
le Eclip- 
d indeed 
e of the 
ion (by 

the 


Book II. of ASTRONOMY, 349 


me Problems of the Firſt Motion conſtructed 
before,) you may determine the point L of the 
Ecliptic, where the Vertical Circle paſſing thro? 
; meets the Ecliptic; and the Arc Z TL, viz. a 
Portion of a Vertical Circle, intercepted between 
the Zenith and the Ecliptic ; and the Angle Z LE 
contain'd between the ſaid Vertical Circle and 
the Ecliptic. . And in like manner in the ſecond 
Obſervation of the Phenomenon in ę, the point 
of the Ecliptic C, the Arc X C, and the Angle 
XCL will be known. Therefore in the Triangle 
BCL, the Angles BCL, BLC being given, 
and the ſide C L that lies between them (vz. the 
Diſtance of the known points in the Ecliptic,) the 
fdes BL, BC will be known, which taken from 
the Arcs Z L, X C found before, will leave Z B, 
XB. And theſe « on taken from Z&, X, the 
known apparent Diſtances from the Vertex, leave 
BZ, Bb the Parallaxes of the Phænomenon agree- 
ing to the moments of the Obſervations. 


PRoPOSITTION LVIII. LEMMA. 


ET there be two rectilineal Triangles, ABC, 
DEF, | Fig. 37. | having the Angles ABC, 
DEF given; and let the Ratios of AB to DE, 
AC to DF, and BC to EF, be given T find 
both Triangles by having the ſide AB given. | 

Make the Angle @ BC equal to DEF, and 
take B ſuch, that the Ratio of BA to BE be 
equal to the Ratio compounded of the given Ra- 
os of BA to ED, and EF to BC, which is 
done by taking BE equal to a fourth proportional 
to EF, BC and ED. Then in BC given in 
poſition, chuſe ſuch a point C, that the Ratio 
of the connected Lines AC, & C be equal to that 
compounded of the given Ratios of AC to D F, 
and EF to BC, which may be done as before. 
* Then 


* 
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Then let BG be to BH in the Ratio of 36 
to EF, and let AT be parallel to & C. I fay the 
Triangles ABC, BHI, are thoſe ſought. 
is manifeſt from Conſtruction, that the Ra. 
tio BC to BI, is equal to the Ratio-of BC tg 
EF; and that the Angles ABC, HB, are e- 
qual to the given ones. Beſides, the Ratio of 
AB to BEG is compounded (by Conſtruction) 
of the Ratios of AB to ED and EF to Bc: 
But the Ratio of AB to BG, is compounded of 
the Ratio of AB to BH, and of the Ratio ct 
BH to BG, or EF to BC; and therefore 43 
has the-dame Ratio to B H as it has to ED. A. 
gain, the Ratio of AC to C (by Conſtruction) 
is compounded of the Ratio of AC to DF, and 
of the Ratio of EFto BC, or HI to &: Bu 
the Ratio of AC to CC is compounded alſo of 
the Ratio of AC to HI, and HI to C; and 
therefore AC has the fame Ratio fo H as it has 
to DF. Therefore the Triangles A BC, BH], 
have the Conditions requir'd. 


PRO POSITION LIX. LEMMA. 


. E Ratio of the Sines of the whole Arcs AB, 
CD, | Fig. 38. | belonging to a given Circle, 
and the Ratio of the Sines of the Arcs AE, Ch, 
taken from them, and the Arcs remaining EB, FD 
being given; to find the whole Arcs and thoſe taken 
away, viz. AB, CD, AF, CF. 

In Circles equal to the given ones, let there 
be ſuppoſed to be taken the Arcs & L, L H, 1, 
M reſpectively the doubles of A E, EB, CH, 
FD. Wherefore GLH, TMK will be reſpe- 
ctively the doubles of AB, CD. Compleat 
the rectilineal Triangles LG H, MIX, in which 
are given the Ratio of GL to IM, the ſame 


with the given Ratio of the Sine of the Arc 455 
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to the Sine of the Arc CF; the Ratio of LH to 
MX, the ſame as the Ratio of the Sines of the 
given Ares EB, FD; the Ratio of & H to IK, 
which is the ſame as the given Ratio of the Sines 
of the Arcs A B, CD. There are alſo given 
the Angles L H, MIX ſtanding upon the 


known Arcs, and therefore (by the prec. Prop.) 


the Angles LHG, MKIT will be known, and 
rom thence the Arcs & L, IM, and their halves 
AE, CF: But the Arcs themſelves EB, FD 
are given; therefore the wholes A B, CD are 
alſo known. „ 

And after the like manner, the Ratio of the 
Sine of a whole Arc to the Sine of an Arc are 
taken from it, and the remaining Arc it ſelf be- 
ing given, the whole Arc and the Arc taken away 
may be found. For ſuppoſe & LH to be the 
double of the whole Arc, and & L of the Arc ta- 
len away; whence you have LH the double of 
the remaining Arc. Connect CH, GL, LH, and 
in the Triangle LC H, there is given the Ratio 
of the ſides & L, & H; the ſame as the given 
Ratio of the Sines of the whole Arc and that ta- 
ken away: The Angle LG His alſo given, ſtand- 
ing upon the given Arc LH, is alſo given; and 
therefore (by Prop. 41. of the Data of Euclid,) 
the Angles @ LH, HL, are given; and there- 
fore the Arcs on which they ſtand, viz. the com- 
plement of the Arc & LA to the whole circum- 
ference, and the Arc & L; and conſequently 
CLH and GL themſelves, and their halves, 
972. the Arcs ſought. : 
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| ProPosITIION LX. 

| WO Altitudes of a Phenomenon not altering 
its Declination, and the correſponding Axi- 

muths being given, to find its Parallax. 

In two obſervations of a Fix'd Phænomenon 

five things may be given; vix. the two Altitudes, 

two Azimuths, and the Time between the obſer. 

vations; from any four of which the Parallax 

may be found, whence there ariſe theſe three fol. 

lowing Problems. 

For the ſolution of the firſt, let P | Fig. 39. 
repreſent the Pole ; L the true place of the Phe. 
nomenon ; and in one of the obſervations let 
LM be the Vertical Circle, and M the place of 
the Phænomenon obſerved in it, and therefore 
LM the Parallax ; in the other let L N be the 
Vertical Circle paſſing thro? L, and L N the Pa- 
rallax of this obſervation. Let the great Cir- 
cles PM, PN, NM be ſuppos'd to be drawn, 


From the Altitudes and Azimuths obſerved, and 
the Height of the Pole, the Arcs PM, PN the 


apparent diſtances from the Pole P, and che An. 
gles PM L, PNL contained between the Cir- 
cles of Declination and the Vertical Circles are 
known: There is alſo given the ratio of the Sine 
of the Parallax LM tothe Sine of the ParallaxL N; 


vi. the ſame (by Prop. 44.) as the ratio of the 


Sines of the diſtances obſerved from the Vertex. 
Therefore there are given the ratio of the Sines 


of the whole Angles PMN, PNM, wiz. the 


ſame as the ratio of the Sines of the known Arcs 
PN, PM; alſo the ratio of the Sines of the 
Angles LMN, L NM taken away, the ſame 
as the ratio found before of the Arcs LN, LI; 
as alſo the remaining Angles PM TL, PMI 
found before by Calculation. Therefore the 
Angles themſelves PMN, PNM, = 
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L NM will be known, (by the preced. Lemma.) 
Again, in the Triangle MP NM the Sides PM, 
P N being given, with the Angles ſubtended by 
them, the Baſe MN is found. And laſtly, in 
the Triangle L MN, the Baſe MN, and the 
Angles adjacent L MN, L NM being given, 
the Sides LM, LN, the Parallaxes ſought will 
he found. | | 

If one of the Obſervations was made when 
the Phænomenon was in the Meridian, then 
one of the Triangles PMI, or P NL is chang- 
ed into an Arc, and the Calculation becomes 
much ſimpler, | 

But if the Phænomenon L changes its Decli- 
nation, and that equably, (which will be done 
in one revolution of the Earth, or thereabouts,) 
we may ſtill find its Parallax, by correcting the 
places of the Phenomenon, by a proportional 
part of the Declination thus: When the Phæno- 
menon firſt, next after the firſt Obſervation, ar- 
tires at the Azimuth L M, obſerve its apparent 
Altitude, which will be different from that ob- 
ſerved the Day before, otherwiſe it would re- 
tain the ſame declination. Let the difference 
be 4 Call the diſtance of time between the 
two firſt Obſervations made in M and N, B; 
and the time between the two Obſervations of 
the Phxnomenon in the Azimuth LM, C. And 
it the difference of the aforeſaid Altitudes 4, 
be an exceſs, to the apparent Altitude in M 


B A | 
add —- ; but if this difference be a defect, ſub- 


EC 
tract it from the ſame. This ſum or difference 
will be the corrected apparent Altitude, which 
put in the preceding Calculation (inſtead of the. 
former Altitude in LV) gives the Parallaxes 
ſought of a Phenomenon that does not change 
its declination. 

A 2 PR O- 
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 _PxroyPoOosITION LXI. 


A Toen two Altitudes of a Phenomenon, together 
with the Azimuth of one of them, and thi 


Time between the two Obſervations, to find the Pa. 


rallax of the Phenomenon. . 

Let P be the Pole, (Fig. 40.) E the true place 
of the Phenomenon, F the apparent place when 
X is the Zenith, and H when Z is the Zenith, 
'There are given the two apparent diſtances from 
the Vertex, viz. X F, ZH, and the Angle 
PX F, ſince one Azimuth is given, and the An- 
gle XP is known by the time. In the Iſoſceles 
Triangle PX Z, the equal Sides, PA, PZ, and 
the Angle XP being given, PX Z, XZ are 
found : And ſince PX F is given, Z X F is alſo 
found. Therefore in the Triangle X Z F, there 
are given XZ, X F, ZX; and therefore ZF, 
Z FA become known. Therefore the ratio of 
the Sine of the Angle Z FH, to the Sine of the 
Angle Z HF is given, viz. the ſame as that of 
the Sine of the Arc Z H, to the Sine of the Arc 
ZF; and the ratio of the Sine of the Angle 
Z HF to the Sine of the Angle E FH, or the 
Sine ofthe Arc EF to the Sine of the Arc HE, 
or the Sine of the Arc XF to the Sine of the 
Arc Z H. Therefore the ratio of the Sine of the 
Angle Z FH to the Sine of the Angle EFH is 
given; and the difference of thoſe Angles Z FE 
is alſo given; and therefore (by Prop. 59.) the 
Angles themſelves Z FH, EF H become known; 
and conſequently EH PF and HP alſo. And 
laſtly in the Triangle EFH, HF, EFI, EFI. 
being given, the Parallaxes ſought E F, E H bt 
come known. EF. 
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PaorogitTIOnN EI 
Iven two Azimuths of a Phenomenon, together 
with the Altitude of one of them, and the 


Time between the two Obſervations of the Azimuth, 


to find the Parallax of the Phenomenon. 

The ſame things being ſuppoſed Fig. 40. ] 
after the ſame manner may PX Z equal to PZ X, 
and XZ be found. The two Azimuths being 
given, the Angles PXE, PZE are given, and 
therefore the Angles XZE, ZXE become 
known ; by which, together with XZ, may X E 
be found. But becauſe the Altitude is given, its 
complement X F is alſo given, and therefore 
EP the Parallax ſought will become known. 
ve in the caſe of either of theſe Problems, 
the Phenomenon has any motion after an entire 
revolution of the Earth, when the Zenith & re- 
turns to the ſame point of the Heavens, the Phæ- 
nomenon will be obſerved, not in F (as before) 
but in ſome other place, for inſtance, &; and 
FG, XF & become known by obſervation. Make 
therefore, as a whole Circle is to FC, fo is the 
Angle X PZ to FL, and draw a great Circle 
XL cutting Z H in M. In the Triangle X FT, 
XF, FIL, XFL being given, XL, FAL are 
alſo given; and therefore Z XL is alſo given. 
Laſtly, taking the points L M, inſtead of F 
and E, HM the Parallax of the Phænomenon 
may be found as before. N; E. F. 

There are other ſorts of Obſervations, where- 
by the Parallax of a Phænomenon may be Geo- 
metrically determined ; as its ingreſs into the ſha- 
dow of a Planet; and a Conjunction of Bodies 
Icen between the Phenomena. But fince theſe 
things do not belong to the Parallax conſidered 
in general, they more properly belong to another 
vlace in the following Books. 


A a 2 PR O- 
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: -PrRoPosITION LXIII. | 
HE place of a Phenomenon in reſpect of the 
Ecliptic, and the Parallax of a given Ali. 
tnde, as alſo the place of the Sun, and the hour of 
the Day being given, to find the Parallax of Loy- 
gitude and Latitude of the Phenomenon. 

Let VH be the Horizon, (Fig. 41.) ECB 
the Ecliptic, and ACV a Vertical Circle paſ- 
ſing thro' the Phænomenon. Let A be the true 
place of the Phenomenon in it, à the apparent 
place; and therefore 4a the Parallax of Alti- 
tude. Thro' A and à draw the Circles of Lati- 
tude AB meeting the Ecliptic a5 in B and b. 
Now (by Prop. 36.) there are given the Angle 
VCB. and Arcs VA, VC, and therefore their 
difference AC. But becauſe the Parallax of a 
certain given Altitude- is given, the Parallax of 
the given Altitude VA will alſo be given (by 
Prop. 4.) viz. the Arc Aa. Conſequently Ca 
the ſum or difference of theſe Arcs CA and As 
are given. Therefore in the Triangle aCb, be- 
ſides the right Angle at , there are given the 
Side aC, and Angle aCb: from whence the 
Sides Cb, ab will become known. But becauſe 
the place of the Phenomenon A in reſpect of 
the Ecliptic is known, and the point of the Eclip- 
tic (by Prop. 36.) alſo known, the Arcs A F and 
CB are known. Therefore the difference be- 
tween ab and AB, viz. the Parallax of Lati- 
tude becomes known ; and the difference between 
Ch and CB, wiz. the Parallax of Longitude 
alſo... ©. E. F. 

The converſe of this Problem is ſolved after 
the ſame manner ; for if the Parallax of Lon- 

itude B, or the Parallax of Latitude, being 
the difference between ha and B A, be given, 
Ch or at, (from the Place of the Pbænomenon 
in reſpect of the Ecliptic already given, and from 
| | thence 
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thence the Arcs CB and B A,) will be given. 
And ſince beſides the Angle at C in the right 
angled Triangle Cb a being given, Ca will be 
given, and conſequently Va, fince C (by Prop. 
36) is already given: But VA is known ; there- 
ſorè the Parallax of Altitude 44 will not be un- 
known. If the Phenomenon, as the Sun, be in 
the Ecliptic, the caſe is much more ſimple. 

But becauſe the Parallax of the Celeſtial Bo- 
dies, even the neareſt, is a pretty ſmall Arc, there- 
fore ſome. conſtruct this Problem of finding the 
Parallax of Longitude or Latitude from the gi- 
ven Parallax of Altitude, more expeditiouſly 
thus: Thro' A imagine the Line A to be drawn 
parallel to Bb. Therefore in the ſmall Triangle 
Aba, which may be taken for rectilineal, there 
being given, beſides the right Angle at e, the 
Angle 8 Aa equal to 4CB, and one of the 
Sides A a the Parallax of Altitude, the other 
Sides A 2 the Parallax of Longitude, and a 8 
the Parallax of Latitude are found, by the bare 
reſolution of a plain Triangle. | 

But if the abſolute Parallax of the Phænome- 
non be not given, but the relative in reſpect of 
another more remote Phænomenon, that is, the 
exceſs of the Parallax of the nearer Phænome- 
non above the Parallax of the more remote ; 
ſuch an exceſs in a vertical Circle being given, 
the exceſs in regard of any other Circle will alſo 
be given. 

For the abſolute Parallax of a Phenomenon, 
is the exceſs of the Parallax of the Fhænomenon 
it ſelf above the Parallax of the Circle of a 
Sphere, which is nothing, becauſe it is ſuppoſed 
infinitely diſtant. . ö 
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Sncrron VII. 
Concerning the Refraction of the Stars. 


PRO PY OST IT LON LXIV. 


Ecauſe an Atmoſphere, which is denſer thay 
the Ather, is circumfuſed about the Earth, 
every Star appears more elevated above the Hori- 
⁊on in the ſame Vertical Circle, than it would ap- 
pear were there no Atmoſphere at all. 
Let Z repreſent the Earth (in Fig. 4.2,) round 
which the Atmoſphere AED is diffuſed ; & any 
Star ; O the Spectator, placed on the Surface of 
the Earth. Now if there were no Atmoſphere at 
all, or if it were equal in denſity to the circum- 
fuſed Zther, the Rays of Light would come in 
ſtraight Lines from & to O, nor would they ever 
be bent into a Curve Line ; becauſe in an homo- 
gencous Medium. But if the Rays, after their paſſage 
thro' the Fther & ©, enter into a denſer Atmo- 
ſphere in A, they will be refracted towards the 
Right Line © A P, perpendicular to the Surface 
of the Atmoſphere at A ; as is evident from 
Dioptrics. But it is not probable that an Atmo- 
ſphere very conſiderably denſer than the Ether 
is immediately under it, and then continued all 
along to the Earth of the ſame denſity ; or that 
all the Refraction of the Rays, that proceed 
from any Star, is perform'd in that ſingle Sur- 
face which ſeparates the Zther from the Atmo- 
ſphere, (as it is commonly believed ; ) the port! 
ons of the Ray from S to the outmoſt Surface 
of the Atmoſphere, and from thence to the 
Earth, continuing all the while Right Lines; 48 


with us a Ray paſſing out of Air into Water l 
| | only 
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only bent at the Surface of the latter, being 


{trait both before and afterwards. The Atmo- 
ſphere rather ſeems to extend it ſelf to a very 
great height, and to be rarer in its higher and 
more remote parts, and denſer” in the lower ; 
on which account a Ray proceeding from a 
Star , ſuffers ſome Refraction towards the per- 
pendicular, in a diſtance from the Earth much 
greater than is commonly believed; and in its 
progrels (as at B, C, Qc.) it is retracted the 
ſame way, becauſe the medium of the Atmo- 
{here, that it enters into, is more and more 
denſe, the nearer it comes -to the Earth: And 
therefore a Ray after its entrance into the At- 
moſphere (by reaſon of the perpetual refracti- 
on at the Spherical ſuperficies concentric to the 
Earth of a continually denſe: medium) is curved 
in all its Parts, and Concave towards Z. But an 
Eye plac'd at O ſees a Star in the laſt Part of 
the Ray ABCO trom O produc'd, namely in ; 
tor this parts only affects the Sight. But the 
part OC of the Ray produced, or the Right 
Line touching the Curve A ECO in O, viz. 
Or, is leſs inclin'd to the Horizon of the Spe- 
ctator HO, than the Right Line connecting & 
and O; becauſe the Line 4 BCO is concave to- 
wards T': And therefore, to an Eye at O a Star 
appears in , higher above the Horizon, by rea- 
ton of the circumfuſed Armoſphere, than if there 
were no Atmoſphere at all. - 

Again, the Curve that the Ray propagated 
oblique, thro* the Atmoſphere, moves in, is in 
the ſame Plane produced thro' the Star and the 
Center of the Earth. For in Dioptrics "tis de- 
monſtrated that the former part A of the Curve 
(confiſting, as it were, of Right Lines) is in the 
Plane that the Right Lines AS, AD , are in (becauſe 
in the Plane of Inflection;) that is, in the Plane 

"ASS pro- 
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produced and paſſing thro' the Star & and Cen- 
ter of the Earth T ; for (by Prop. 5. B. 1. Spher. 
Theodoſ.) the Right Line QA produced, paſſes 
thro? the Center 7; and its ſecond part BC is 
in like manner in the Plane paſſing thro' BA, 
and the perpendicular drawn, thro' B; that is, in 
the ſame Plane with the former : and ſo on in the 
other Parts of the Ray ABCO. Therefore that 
entire Curve is in the ſame Plane produced, paſ- 
ſing thro? the Star and the Center of the Earth; 
and therefore the Right Line O touching the 
Curve, (becauſe a ſmall part of it produced in a 


Right Line) is in that ſame Plane: But this Plane 


is vertical to the Obſerver O, (for it paſſes thro 
the Point O, and the Center of the Earth) 
therefore the Star, by reaſon of the Refraction 
made in the Atmoſphere, appears in the ſame 
Vertical Circle, but higher above the Horizon, 


SCHOLIUM, 
From the demonſtration of the preced. Prop. 


it appears that the Refraction is the ſame, whe- 


ther the Star be nearer the Earth, or farther off 
(for inſtance, in / or in &,) provided its appa- 
rent Altitude above the Horizon be the ſame. 
For in this Caſe the Right Line s O revolving 
about the Axis TO, reaches to the apparent 
Plece of /,. Beſides, tis probable that the At- 
moſphere ſpread about the Earth does not ex- 
tend it ſelf to the Moon, much leſs to the more 
diſtant Stars ; and therefore the ſtrait Part 
FA of the Line S AB CO, (before it begins to 


be bent into a Curve by the Atmoſphere) wil 
graze upon the next Star /. And conſequently 
the Ray proceeding from it (namely / A) is bent 
in the Atmoſphere into AB CO, after the like, 
nay, after the very ſame manner, as SA pro- 
Pagated from the more diſtant Star ; ſince it 
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l one (as to the Refraction made in the Atmo- 
phere) whether the Ray begins from & or /. 
Therefore 'tis contrary to the nature of Light 
har the Rays of a nearer Star ſhould be retracted 
atherwiſe than (all other circumſtances remaining 
the ſame) that of, a more diſtant one. *Tis true 
that the Angle O is greater than the Angle 
«0 /, but the difference of them /OS is owing 
to the exceſs of the Parallax of the nearer Star 
abore the Parallax of the more diſtant Star, and 


not to the Refraction. 


PRO POSITION LXV. 


HE lower Stars are more elevated by rcaſon 
of the Refraction at the Atmoſphere, than the \ 
ligher, other circumſtances remaining the ſame. 

In Dioptrics *tis demonſtrated, that in the ſame 
Mediums, the more oblique the incidence of a 
Ray is, the greater is the Angle between the re- 
tracted Ray and the incident Ray produced ; that 
is, in the preſent caſe | Fig, 43.] the part A B 
of the Ray. A BCO, proceeding from the lower 
Star $, contains a greater Angle with SA pro- 
duced, than the part FG of the Ray FEKO 
proceeding from the Higher Star R does with 
RF produced; becauſe SA is a greater 
Angle than R F L, ſuppoſing that L F produced 
falls upon T. After the like manner BC will 
contain a greater Angle with AB produced, 
than & K with F produced, and ſo on; that 
is, the Line ABC O is more curved in all its parts 
than FG KO in its correſponding Parts, or ſuch 
as are equally diſtant from the Earth. And 
therefore a Right Line touching the Curve 
ABCO in O contains a greater Angle with the 
Right Line OS than a Right Line at the ſame 
place, touching FeO does with theLine OR. The 
8 J 8 lower 


S 
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lower Star therefore is more elevated by the 

Refraction than an higher one. Q. E. D. 
CURDLESRHT 1: 

The Place of a Phenomenon when it is in the 
Zenith is not changed by Refraction: For the 
Rays in this caſe falling perpendicularly upon gl 
the Surfaces of the Mediums, of which the At. 
moſphere conſiſts, are not retracted ; but going 
directly to the Eye in O, make the Phenomenon 
appear in the ſame Right Line as it would ap- 
pear were the Atmoſphere away. And for the 
fame reaſon the Eye being placed in the Center 
F, the Refraction made at the Atmoſphere would 
have no power to change the apparent place of 
the Star ; for every Point in the Heavens would 
be a Zenith to it. | 

COROLLARY 2. 

From hence we may give an account, why the 
Sun or Moon appears of an Oval Figure near the 
Horizon. For ſince the upper Limb appears but 
a little more elevated than it ſhould be, and the 
lower a great deal, the latter by the Refraction, 
will appear to approach to the former. And there. 
fore the erect or vertical Diameter of the Lumi- 
nary ſeems contracted or ſhortened, while the 
tranſyerſe or horizontal one is not ſo, becauſe 
its extremities are equally elevated by the Retrt 
ction. Farthe ſame reaſon the diſtance of tuo 
Fix'd Stars By obſervation is ſenſibly leſs, (if it 
be meaſured by an Inſtrument,) when, both be- 
ing in the ſame Vertical Circle, one of them 5; 
nearer the Horizon, then when both of them, 
by reaſon of their greater Altitude, are free from 
all Refraction. 8 | | 
e x. 

On this account it is alſo, that the Sun and 
the other Stars riſe ſooner above the Horizon, 


and ſet later, than they ought , according N 
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their places determined by the aforeſaid Methods. 
For the Rays flowing from ſuch points of the 


Heaven as are but a little below the Horizon, are 
o incurvated in the Atmoſphere, that the right 


| Lines touching them ,at their Extremities, where 


they enter the Eye, being produced, are above 

the Horizon. For which reaſon the Moon has 

been ſeen to be eclipſed, tho* the Sun was above 
the Horizon; whereas one of the Luminaries at 

that time being oppoſite (by Prop. 18. B. 1.) 

to the other, and above the Horizon, the other 

mult neceſſarily be below it. Tis to the ſame 

Atmoſphere diffuſed round the Earth, that its 

Inhabitants owe the Sun's ſhining to them longer 
than it would do were there no Atmoſphere ; and 

that when the Sun is kept from enlightening any 

given place on the Earth, by reaſon of the Spheri- 
cal Surface of the Earth, thick darkneſs does not 
immediately cover him, but he enjoys a Twilight 
for a conſiderable time, the Light being gradual- 
ly extinguiſh'd. 


| PzxoPposrTIOoN LEVI. 


TO define how much a Star appearing in a 
given Altitude is elevated by the Refracti- 
1 and to make a Table of the Refraction of the 

Ars. | 

Chuſe a Star that has no ſenſible Parallax, vx. 
ſome one of the Fix'd Stars that has a great Ele- 
vation above the Horizon of the Obſerver. Let 
its place be determined (by Prop. 26.) by Ob- 
ſervations made when it was elevated pretty much, 
and therefore when it was out of the Effects of 
a ſenſible Refraction. Let the time of its coming 
afterwards to the given Altitude, either aſcend- 
ing or deſcending, be noted, and find then, by 
Calculation, the Altitude for the time mark'd, of 


the Star (whoſe place is known,) and that will 
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want of the obſerv'd Altitude, as much as the Star 


Book | 


is elevated more than it ſhould be on account < 
the Refraction, the Angle may be defin'd, by 
which it is elevated in any other Altitude propoſed 
more than it ſhould be, the Atmoſphere continu- 
ing the ſame ; that is, a Table of Refraction may 
be made for every Degree of a Star's Elevation. 
But becauſe our Ignorance of the Law of Reffa- 
Etion obſerv'd in the Atmoſphere hinders all this, 
tis better to make the Table by Obſervation, # 


in 


is elevated by Refraction in that given apparent MMP the 
Rae. | | verſity © 
After this manner may a Table of the Ref; the char 
ction of all the Stars be beſt conſtrued, if the count © 
true Altitudes of the Fix*d Stars, agreeing to the will not 
times exactly reckon'd by a Pendulum Clock, he both Me 
compared with the Altitudes of the ſame Star, in Tor in p 
the ſame apparent points of Time: For the Dif. ester“! 
ference between the true and apparent Altitude I '* We 
is the Refraction agreeing to that Altitude Duc 
And ſince the Refraction of a Fix'd Star at the WW" the i 
greateſt Diſtance, and of any other Star at a le Mil" certe 
Diſtance, is the ſame, in the ſame apparent Al. Dutch, t 
titude (by Schol. Prop. 64.) tis evident that make th 
Table of the Refraction of all the Stars is mace, WY Tquinoe 
. E. dummer 
| SODIUM built upe 
If the Dzoptric denſity of the Atmoſphere were ot the K 
known in any given Diſtance from the Earth, or Mountal 
the Ratio of the Sine of the Angle of Incidence Place, 
to the Sine of the refracted Angle, in the paſſage . | 
of a Ray thro* its Surface concentric with the 3 e E 
Earth, whoſe Diſtance from the Center is known; : _ 
then by Geometry you may find out the Nature . We 
of the Line, into which the Ray is bent by re- * 7 
ſon of the continued Refraction of the Atmo- W 
phere. Conſequently, the Angle being given by 3 
Obſervation, by which a Star in a given Altitude 3 
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the Refrg. 
ed, if the 


in the preceding Prop. But beſides, the di- 
jerſity of the Atmoſphere in different places, and 
the change of it in the {ame place, on the ac- 


will not do for all places, is an Impediment to 


75 45 5 both Methods of making a Table of Refraction. 
3 For in places near either Poles the Refraction is 

e Star, in b ; ; 

the Dit greater in the ſame Diſtance from the Horizon, 


(25 is well known from the Obſervation of ſome 
Dytch- Men who Winter'd in Nova Zembla ;) and 
in the ſame place at different times of the Year, 
is certain, not only from the Obſervation of the 
Dutch, but of other conſiderable Obſervers, who 
make the Winter Refraction greater than the 
Equinoctial, and that again greater than the 
dummer one, and form entire Tables of Refraction 
built upon this change. But the hourly change 
of the Refraction is demonſtrated. by the tops of 
Mountains being ſometimes viſible at a given 
place, and ſometimes inviſible, tho* there be no 
Darkneſs or Miſt between: To this purpoſe alſo 
do the Experiments mention'd by Hugens, in his 
Treatiſe of Light, tend and ſeryve; namely, that 
the lower part of a Tower, or any other thing 
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or that is immovable is ſeen in the Morning and 
AtmoßEiening, but the upper at Noon thro a Teleſcope 
riven by continuing fix'd all the while; and that at the 


Aus lame place, ſometimes the top of a more remote 
Tower has been viſible, riſing above the top of 


n, : 10 one nearer, and ſometimes it is inviſible. Now 
ropoſed al theſe things, beſides the hourly change of the 
ontinu-Ketraction of the Rays in the Atmoſphere, de- 
on m monſtrate the Curvity of them, (from their Na- 
vation. ure, as was ſhewn above,) ſince they are propa- 


Reffa- ted obliquely from an higher to a lower place, 


all this Wl "5 vice verſe. 

T E waf at all this change of th 
jon, 38 | muſt be confeſſed that all this change of the 
en Kctraction is made within pretty narrow Limits: 

| For 


Book II. f AS TRONO Mv. 365 


count of which it happens that the ſame Table 


.  -- AIG 1 — 
* > 2 _ "A Xe 
: 
- / 
4 4 . 
's 2 WAS . * 
n N 4"; 3 
1 * = ——RS LETS G 
— 1 5 Ek 1 {4 
, . 7, ou 
LY * ÞY - \ _ 
— 


— 2 — 22 


— = — Faan: 
— SO IS —_ 
>" SK * "IEEE 
= __ "ck bs CETLS "x = 


— 
E 


— 
= _ 
- <3» e —_— 


Þ = 
22 ——_— 
. xt 

CY _—_— 


4% £ 
- 
F 3 
RH 


bg 
$* 2a, 
: 3 4 
r 
1 
3 


1 
—— Pen 
. * 23 * 7 


— 2 1 
= _ a 
— 22 
2 fi A . — 
ee 


* 


l 

2 
F 
” . r 1 


7 
Cp in” © 
2 


; 


J 3 
' % 
1 C 
: * 
HB $. 1 
. , 
| F 
1 N * 
 - 4 * 
r 
5 7 
. 
ol 
* 


1 
** 
5 


FR 
wh. 2 


2 


366 The ELEMENTS Book It 


For the beforeſaid Obſervations of the change d 
the apparent Altitude of the Sun, Mountain 
and Towers, are made only in a ſmall Elevatio 
above the Horizon, nor do they reach much he 
yond three Degrees above it. The Viciſſitude 
and Changeableneſs near the Earth, of Vapour 
arifing from it, as alſo of Heat and Cold, by which 
they are rarified and condenſed, is ſo great, thy 
nothing certain can be laid down about the denf 
ty of the Medium. Beſides, the Inclination d 
the Rays of Light is ſo very oblique at their In 
cidence on the Atmoſphere, when the Pheng 
menon is not elevated above three or four De- 
grees, that its place is chang'd very much hy 
the Refraction. Nay, ſo denſe yet pellucid 1 
Cloud as it were of Vapours lies ſometimes upor 
the Surface of the Earth, that to an Eye place 
above without it, the viſible Objects below it 
namely, the very low ones, continue unſeen, be. 
cauſe the Rays donot penetrate the Surface of the 
upper and rarer Medium, but are reflected by it 


downwards; as it is evident from Dzoptrics, thaff 


it ought to be: But ſuch things as are immedi 
ately above and without it, namely ſuch as are! 
little higher, beſides their being ſeen by a dire 
Ray, appear alſo inverted by a Reflection made 
at the Surface of the above-mention'd Cloud, jul 
as if it were an Horizontal Speculum. But these 
things neither belong to this place, nor directlyto 
Aſtronomy. They ſhow in the mean while, that 
no Credit is to be given to any Table of Ren 
ction of the Stars below the third Degree of A. 
titude ; nor conſequently to Obſervations made 
in that Altitude for determining the place of! 
Phenomenon. | | 

If a Perſon has a wind to make a Table of the 
Refraction of the Fix*d Stars, not from Obſervi 
tion, but upon the Principles of Dzoptrics, he 
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may P warms 
the Armoſphere, which is extended 40 or 50 
Miles high, be ſuppoſed to be divided by 8 or 
10 parallel Superficies, into as many Mediums of 
aifferent Denſities ; yer ſo that the Medium which 
lies berween the adjacent Superficies, may be 
of the ſame Denſity, and that above the upper 
one of the Superficies rarer, and that under the 
lower Denſer : Not that it is really thus in Na- 
ture ; for no doubt the Denſity of the Atmoſphere 
in its Deſcent, is increaſed by the ſmalleſt De- 
grees. But we do this for the ſake of Calcu- 
lation. Let theſe 8 or 10 Mediums be ſo tem- 
pered in regard of one another by trials, that in 
one, two or more Altitudes (for the more they 
are, the more accurate will the Table be) the 
total Refractions made at all theſe Mediums, may 
be the ſame with the Refractions that are found 
by the accurateſt Obſervations, to agree to thoſe 
teſpective Altitudes. In which caſe the Refra- 
ction made in any aſſumed Altitude at the ſaid 
Mediums, and known by Calculation, according 
to the Laws of Dioptrics, is very nearly equal to 
the Refraction in the Heavens, agreeing to the 
fame Altitude. After this manner alſo will the 


Line be determined very nearly, into which the 


Ray is bent in its paſſage thro' the Atmoſphere. 
But in finding, by this Method, the Refraction 
correſponding to a ſmall Elevation of three or 
four Degrees, the lower, or two or three of the 
lower Mediums into which the Atmoſphere is ſup- 
poſed to be divided, ought to be ſuppoſed a little 
rarer ; for they really are ſuch, near the Earth, 
which is heated. 
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SECTION IX: Tables 
| markec 


Of the Tables of the Firſt Motion an it bear 
Fix'd Stars depending upon the Second ſpondir 
Book. Aſcend 

hends v 

And th 

in one 

Title o 

every d. 

the Ecl1 

ſuch T's 
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circle 01 

king of 

the Calc 
remainir 
the form 
lumn or 
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H O' all the Particulars that belong to the 

Firſt Motion may be found, by the Me. 
thods demonſtrated in this Book, as Occaſion re- 
quires; yet becauſe there are ſome things f 
more frequent uſe, Tables are made for them, 
that they might be more expeditiouſly taken out 
of them, which would otherwiſe require a ney 
Calculation every time they are wanted. And 
beſides Tables taken from other Diſciplines, 
of Right Lines inſcribed in and circumſcribed a. 
bout a Circle, of Logarithms, c. Aſtronomica 
ones are alſo made; and ſuch of them as depend 
upon this Book are of two ſorts, viz. ſuch as are 


the ſame to the Inhabitants of the whole Earth; Morec 
which regard either the Firſt Motion, or the r the ( 
Fix*d Stars; or ſuch as only hold in ſome certain Wien, prop 
Place of the Earth- | | lon, by 
PROPHOSITTON LXVII 1 
O deſcribe Tables relating to the Firſt Motion, f the * 
which are common to all the Inhabitants Ny, th, 

the Earth. | 0 any tir 
The Equator and Ecliptic are the ſame to Holter N 
the Inhabitants of the Earth, and they are e natur 
. conſiderable and frequent uſe in Aſtronom)¶ our int 
The former, becauſe it is the Mean, and as it divided 
were the Standard of the firſt or apparent Di- dd Tabl. 
urnal Motion of the Heavens; the latter, b% he Time 


cauſe it is the Way and Path of the Sun, (v9 
is the Governor of the Days and Seaſons.) The 


mutual | 
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mutual habitude and reſpect of theſe Circles to 
W one another in all their Points is diſpoſed into 
Tables: That is, to every degree of the Ecliptic, 
marked with its proper Name, (vz. the Number 
* bears in the Sign) are annexed to the corre- 
ſponding Declination from the Equator, Right 
Aſcenſion, and Angle that the Ecliptic compre- 
hends with the Meridian ; as is ſhewn in Prop. 20. 


on and 


Second 


1g to the And therefore theſe three Tables are put together 
the Me. in one very commodiouſly, under the univerſal 
caſion re- WW Title of The Declination, and Right Aſcenſion of 
hings of WW every degree of the Ecliptic, and of the Augles of 
or them, N the Ecliptic with the Meridian. And becauſe in 
AKen out {ich Tables either the ſame Numbers recur again, 


e a ney or the ſame increaſed by a Quadrant, a Semi- 


d. And circle or three Quadrants of a Circle; in the ma- 
lines, a king of them there will be no need of carrying 
ſcribed . Nie Calculation beyond one Quadrant, ſince the 
onomici remaining part of the Table flows naturally from 
as depend de former, either by the change of the firſt Co- 
ich as are umn or by Addition only. 

le Earth; Moreover, ſince the entire apparent revolution 
„or the rr the Celeſtial Equator makes a natural Day, 


ne certain nd proportionally in the Parts of this Revolu- 


lon, by reaſon of the equability of the diurnal 
Motion of the Earth ; there are Tables made, 
but of which the time correſponding to each Part 
the revolution of the Equator, and on the con- 
ay, the part of the Revolution correſponding 
0 any time, may be taken. And becauſe among 


of} Motion, 
bitants 0 


ne to al oliter Nations, where Aſtronomy is cultivated, 
ey are a de natural Day is divided into 24 Hours, and the 
.ronoM) «our into 60 Minutes, every one of which again 
and as t divided into 60 Seconds, and ſo on; the afore- 
arent P. id Tables are accommodated to this dfviſion of 
iter, be- e Time. 
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PO Y OSI T oN LXYUL. 
O deſeribe the Tables which relate to the Find 
8 Stars, being common to all the Inhabitants of 
the Earth, 3X 400 DE 1 
IJ be Places of the Fix d Stars, in regard of 
Longitude and Latitude, are diſpoſed of by the 
Methods explain'd in Prop. 29. Such a Table (or 
Catalogue) as this, is the foundation of the whole 
Science of the Stars ; And becauſe, the Places of 
the Planets are found, by knowing the Places of 
the Fix'd Stars, Aſtronomers are very careful in 
noting the Places of the Fix'd Stars, as are in the 
Zodiac; not only thoſe as are only ſeen by the 
naked Eye, but ſuch alſo as are ſeen by a ſmall 
Tele no pa | 44740 | 
Becauſe the Longitude of the Fix d Stars con- 
tinually increaſes, by reafon of the regreſs of 
the Equinoctial Points, the Table of this Regreſs 
is annexed to the Catalogue of the Fix*d Stars; 
that is, *tis ſhewn how much it is in a Year, any 
Parts of a Year, or collection of Years, ſo that the 
Tabular Longitude of a Fix'd Star may be very 
eaſily corrected by this means. Copernicus and o- 
thers following him, reckon the diſtance of the 
Fix'd Stars in the Ecliptic towards the Eaſt, from 
the preceding of the two in the Horn of Aries, 
as was ſaid before: By adding to this Arc (in 
any conſtant Fix*d Star) the diſtance of the Ver- 
nal Equinoctia! Point, perpetually augmented 
from the ſaid firſt Star of Aries, to be taken out 
of that other Table, you get the Longitude of 
the Fix'd Star from the Vernal Equinox. 
Becauſe the Right Aſcenſion and Declination 
of ſome of the more conſiderable Fix'd Stars are 
of more frequent uſe ; and to find them out by 
the Longitude and Latitude given (by the Con- 


verſ. of Prop. 27.) as often as there is occaſion 
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for them, would be — tedious ; ſuch as have 
a mind to ſpare others ſo much trouble, form to 
a given time, a Table of the Right Aſcenſion and 
Declination of the more conſiderable Fix*d Stars, 
adding the difference of each for a certain num- 
ber of Years, in which they ſuppoſe their change, 
as toſenſe, to be equable. | 
To the above-mentioned 'Tables of the Motion 
of the Fix'd Stars is alſo added a Table of the Re- 
fraction of the Stars, made for the different Alti- 
tude of them above the Horizon (by Prop. 66.) 
The Altitude of any Star obſerved is to be leſſen- 
ed by the correſponding Refraction, that it may 
become true; or the true Altitude (found from 
the true Place, at a given time, by Calculation) 
is to be increaſed by the ſaid Refraction, that it 
may become the apparent Altitude. This diffe- 
rent Altitude of the Star from Refraction induces 
2 diverſity of its Place in regard of Longitude 
or Latitude, or in any other Circle, after the 
lame manner with that ſhewn before in the Pa- 
rallix, We have reckoned this Table of Refra- 
Ction here among the Tables of the Fix'd Stars, 
tho' it might more properly be referr'd to the pre- 
ceding, as what is common to every Celeſtial 
Phenomenon : Others in the mean while will 
think it ought to be reckoned among the Tables 
that are to be deſcrib'd in the following Propoſi- 
tion, ſince different Tables of Refraction are re- 
quiſite for the different denſity of the Atmoſphere 
in different Places. 
„ LXXK.  - 
O enumerate the more common Tables, wherein 
the ſituation of the more conſiderable Places 
"ou the Earth, in regard of one another, and in 
reſpett of the Equator, is deſcribed, aud thoſe wheres 
m the Time reckoned in any of them is reduced to 
the Time reckoned according to the cuftom of any 
Uther, B b 2 In 
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8210 the Catalogue of the moſt conſiderable Pla. 
ces, you have the Elevation of the Pole in that 


Place ſet down by it, (determined by Prop. 17; 


to which the Latitude of the Place is equal. 'There 
is alſo ſet down the difference (found by Prop. 32.) 
of the Firſt Meridian (whether it be ſuppoſed 
to paſs thro* the Place where the Aſtronomer 
lives, or through the Azores or Fortunate Iſlands) 
and of the Meridian of that Place, and it is ex- 
preſſed in Parts of the Equator, or in Hours and 
Parts of an Hour. Thus we have the ſituation 
of theſe Places to one another, and to the Equa- 
tor ſettled, and may make uſe of it as occafion 
requires in Geography or Hydrography. The 
Hour reckoned in one of the Places, with the 
difference of the Meridians, expreſſed in Hours 
and Parts of an Hour, added to it, gives the 
Hour reckoned in the more Eaſtern Place ; but 
ſubtracted from it, ſhews the Hour reckoned in 
a more Weſtern Place, provided both Places make 
uſe of the ſame ſort of Hours; but if they uſe a 
different ſort, they are to be reduced to the ſame 
by a proper reduction. 

cu have alſo Tables for the more expeditious 
reduction of any Time in one of the Places ex 
prefſed by any Calendar, and reckoned from any 


known Epocha, into Time of any given Form 


in the other Place. For ſince (by Prop. 11. and 
12.) both the Epochas may be compared toge. 
ther, and the various Forms of the Years among 
different Nations, the Grounds and Method d 
conſtructing theſe Tables (which are as necefſar 
for Men of Buſineſs and Hiſtorians, as Aſtrono- 
mers) is evident. | | 
... Beſides, the Circles diſtinguiſhing the Climats 
and Parallels are reduced into Tables by ſore. 
For if you begin at the Equator, the quantity d 
the longeſt Day is had, at the end of each Ci. 
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wards the viſible Pole above the Horizon. There 


ire alſo given the Declination of the Solſtitial 


Point (namely the Obliquity of the Ecliptic) and 


the Right Aſcenſion : The Elevation of the Pole 
in that Place therefore is alſo given ; that is, the 
diſtance of the Circle bounding the Climate or 


Parallel propoſed from the Equator. 


PRkoPosITION LXX. 


NO deſcribe the common Tables, by which the 
1 Problems of the Firſt Motion, in different 
Places of the Earth, are more readily ſolved. 


For finding out the Places and 'Times of the. 


Riſing and Setting of the Fix'd Stars and other 
Celeſtial Bodies, whoſe Places are known, and 
ſolving other Problems about them, Calculation, 
is commonly uſed, as occaſion requires. But be- 
cuſe the uſe of the Sun's Motion is more conſi- 
derable and frequent, and the Sun it ſelf in its 
Annual Courſe, is in different Degrees of the E- 
cliptic ; Tables are made for all Latitudes, to 
ſew the reſpect of theſe Points to the Horizon: 
that is, for every degree of Latitude from the 
Equator, the Difference between the right and 
oblique Aſcenſion of every degree of the Eclip- 


tic (found by Prop. 33.) is added to that degree 


of the Ecliptic expreſſed by its Name, out of all 
which a Table is made, or rather a heap of Ta- 
bles ; for indeed every Degree of Latitude ſhould 
have a Table, extending to the ſeveral Degrees 
of the Ecliptic. Theſe ſort of Tables are called 
Tobles of the Aſcenſimal Differences. 

The Aſcenſional Differences being thus reduced 
into Tables, the oblique Aſcenſions and Diurnal 
Arcs of every one of the Degrees of the Ecliptic 
are in like manner eaſily reduced into Tables by 
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maze and Parallel, or the beginning of the next; 
that is, the continuance of the Solſtitial Point to- 
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bare Addition and Subſtra@ion ; and from thence 
the Hours of the Riſing and Setting of the Sun, 
when in thoſe Points. But theſe Operations are 
ſo eaſy, as that they are-uſually left to the pains 
of every one that makes the Calculation; ex- 
cepting, that generally an Aſtronomer, that is 
pretty much taken up in Supputations, has them 
already calculated for the Place of his own Habi. 
tation. And ſometimes alſo he has by him Tables 
(made by Prop. 33.) of the Ortive Amplitudes of 
the Degrees of the Ecliptic, either for ſeveral 
Latitudes, or at leaſt for his own. '1 
There is another ſort of Table (to be madeby 
Prop. 35.) of the Angle of the Eaſt, namely that 
which the Ecliptic makes with the Horizon, for 
the different Points of the Ecliptic riſing in a gi- 
ven Latitude, or (which comes to the ſame) of 
the Altitude above the Horizon of the Nonage- 
ſime Degree from the Eaftern Point. And be- 
cauſe in Calculating Eclipſes of the Sun and other 
Things, there is very great uſe of this Angle, 
Tables of it are made for every Degree of Lati- 
tude ſrom the Equator to the Pole 
And ſometimes Tables of the Beginning and 


Ending of the Morning and Evening 'Twilight 


are made (by Prop. 39.) for the Degree of the 
Ecliptic that the Sun is in, and for different La- 
titudes, or at leaſt for the Latitude of ones own 
Habitation. 8 

In making all theſe Sorts of Tables, there are 
ſeveral compendious Ways that occur, ſuch as 
are ſhewn in Prop. 3. and a ſhorter and more 


elegant way of ordering theſe Tables may be had 
from thence. | 
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I the Firſt Book, we have ſhewn what Laws 
1 a Planet muſt move by, to deſcribe an El- 
lipſe about the Sun placed in one of its Foci, 
which Figure only the Phenomena will admit of, 
as Kepler has ſhewn at large, in his Commentaries 
on the Motions of Mars, and all Aſtronomers now 
allow of. The ancient Aſtronomers themſelves, 
together with Pzolemy, (who were for admitting 
nothing but perfect Circles in the Heavens, which 
ſeem'd the moſt proper for Bodies that were 
B'D 4 not 
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4 


'Y not ſubject to generation or corruption, ſuch as 0008. 
| they took the Heavenly Bodies to be,) almoſt is 0) 
= come into this Opinion, being compelPd thereto all ti 
þ by the Phenomena themſelves, ſince they have natu 
=_ imagined a Motion really unequal in the Excen- the 
= tric, but equal in the Equant Circle, whoſe Cen- Star 
= ter was as far beyond the Center of the Excen- terce 
= tric, as the Center of the true Motion was on tion 
= this ſide of it. ; that is, ſince they biſſected the read 
- Excentricity, and deſcribed the Orbit of the Pla- he \ 
mY net, from the Point of Biſſection as a Center. For Exc 
"1 ſuch an Excentric circular Orbit of a Planet fam 
= does not differ from an Elliptic Orbit, whoſe Foci evel 
; # are the ſaid Centers, excepting that the former is eXat 
| ſomething thicker about the middle, but the ther 
Ho latter ſomething ſmaller ; which difference of on, 
. I the thickneſs of the Orbit is almoſt inſenſible in Plat 
— . moſt of the Planets, by reaſon of the ſmallneſs the 
= of the Excentricity, and not diſtinguiſhable by Wa 
. the Obſervations of the Ancients. Tho? Kepler, his 
1 in Chap. 44. of the ſaid Commentaries, has made fror 
19 it out very clearly and unqueſtionably, from the ded 
„ Obſervations of Tycho. *Tis true Ptolemy uſes an ing 
1 Excentric Circle in the ſimple Theory of the lipt. 
1 Sun, and does not think that the Excentricity of one 
1 the Orbit is to be biſected; but in every one of of t 
N the other Planets, beſides the Epicycle (by which on, 
1 he explains the Phenomena really ariſing from the 
_ the Motion of the Earth, which he did not ac- S A. 
= knowledge) he uſes (Ch. 5. B. 9.) an Excentric fron 
BY | Circle deſcribed from the Center biſecting the mal 
i. Excentricity. Nay, Copernicus himſelf took the equi: 
bi | perfection of the Motion and Way of the Pla- Anc 
N nets to be ſo firm, that upon this Account he the 
1 thinks (Ch. 2. B. 5.) the Biſection of the Ex- Plar 
10 A centricity ought to be rejected, becauſe it is ab- For 
[4/8 ſurd to grant, that an equality of circular Motion Aſt 
\4 can be made upon a ſtrange Center and not upon its the 
. | r on, bliſl 
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own, (which that it was once Ptolemy's Opinion, 
is evident from Chap. 3. Book 3. where he ſays that 
all the Motions of the Stars are equal and circular by 
nature, that is, (as he himſelf explains it) that all 
the Lines, which are underſtood to carry about the 
Stars or their Circles in all ſimply equal Times, in- 
tercept equal Angles at the Centers of each Circula- 
tion; tho? he afterwards changed this in B. 9. al- 
ready quoted.) And Chap. 4. of the ſame Book, 
he would rather have an Epicycle and a ſimple 
Excentric Circle introduced, performing the 
ſame as an Excentric and Equant one do; or- 
even a Concentric with two Epicycles. But thoſe 
exact and repeated Obſervations' of Tycho had not 
then been made, that Kepler wholly depends up- 
on, when he demonſtrates that the Orbits of the 
Planets are Elliptic ; tho* Ricciolus inſinuates b 

the by, that Kepler began to. ſuſpect that the 
Way of a Planet thro* the Æther was Oviform ; 
his natural Sagacity taking the firſt Hint of it 
from ſeeing the Oval Figure that Reinboldus ad- 
ded in the end of Purbachins's Theorics belong- 
ing to the Moon. Therefore in ſuch a true El- 
liptic Orbit of a Planet 4 L P, where & Fig. x.] 
one Focus is the Place of the Sun, A SP the Line 
of the Apſides, A the Aphelion, P the Periheli- 
on, L the Place of a Planet taken at pleaſure, 
the Area A LS contained under the Right Lines 
S A, SL, and the Elliptic Curve A L (computed 
from SA in conſequentia) is called the Mean Ano- 


maly, that is, Equable ; for this Area increaſes 


equably, viz. in the ſame Ratio with the time: 
And the Angle ASL, contain'd by the Line of 
the Apſides S A, and Radius C L that carries the 

Planet, is called the Coequate or True Anomaly. 
For it is proper that the Cultivators of Phyſical 
Aſtronomy, ſhould recede as little as may be from 
the ancient Terms of Art; being not only eſta- 
bliſhed by uſe, but really the fitteſt for that Pur- 
poſe: SE c- 
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+ ra SECTION, I, 105 
Some General Things belonging to the The- 
ory of all the Planets. 
Prog os ITION I, LEMMA. 
F upon the greater Axis PA, of the Elliipſe PBA 
Fig. 2. | whoſe Center is C, as A Diameter, you 
deſcribe the Circle PDA, and from à Point & taken 
at pleaſure inthe Circumference of the Circle, a Per. 


pendicular & E be let fall on PA, interſecting the El- 


lipſe at L; and from ſome Point in the Axis AP 
(for inſtance. from one of the Faci as 8) to G and 
L, the Right Lines SG, SL be drawn ; the tri. 
linear Figure AGS contained under the Right 
Lines SA, SG,, and the Circular Curve AG, 
will be to the whole Circle, as the trilinear Figure 
ALS contained under the Right Lines S A, SL 
and the Elliptic Curve AL is tothe whole Ellipſe. 

Draw eg parallel to EG, meeting the Diameter 
ine, the Ellipſe in I, and the Circle in g. Then 
(by Prop. 21. Book 1. of the Conics of Apollonius) 
el will be to. CB in the ſubduplicate Ratio of the 
Rectangle under Pe, e A, to the Rectangle under 
PC, C4, or CDd: And eg to CD is allo in the 
ſubduplicate Ratio of Pe*eAto CDI; therefore 
(by 11 Elem. 5.) el is to CB, as eg to CD; and 
therefore e/:eg::CB:CD ; that is, in a given 
Ratio. And ſince this is always ſo, all the e“ 


ſtanding upon EA, will be to as many eg ; that 


is, the Elliptic Semi-ſegment ALF to the Circu- 
lar Semi- ſegment AGE, in the ſame given Ratio 
of CB to CD. Again; (by Prop. 1. Elem. 6.) the 
Triangle LSE, is to the Triangle & as LE to 
GE ; that is, (as has been already ſhewn) as CB to 
CD ; from whence (by Prop. 12. Elem. 5.) ALE 


and LSE together, z. e. ALS is to AGE and 


GSE 


5 py * . A5 { i 4 f 4 
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GSE together, or 405, in the Ratio of CB to 
CD: And after the like manner, in that ſame 
Ratio of C to CD are all the e ſtanding upon 
the whole PA to as many eg; that is, the Semi- 
ellipſe PBA to the Semi-circle PD 4. And 
therefore ALS is to ACS, as the Semi-ellipſe 
PB A to the Semi-circle P DA, or as the Ellipſe 
to the Circle, And on the contrary the trilinear 


Figure ALS is to the whole * as the tri- 


linear Figure 4 & & to the whole Circle. & E. D. 
Conſequently, if the Semi-ellipſe P BA were 
propoſed to be divided into two Segments having 
a given Ratio, by a right Line & L proceeding 


from a given Point & in the Axis, it is ſufficient 


to divide the Semi-circle P D A (in ſome reſpe& 
more known than an Ellipſe) by a right Line 
SG in the ſaid Ratio, and to let fall a perpendi- 
cular GE from the Point &, on the Axis PA meet- 
ing the Ellipſe in L: For the right Line di- 


' vides the Semi-ellipſe PBA in the ſame Ratio 


as the Semicircle PB A is divided by the right, 
Line S &. Or if AB be an Elliptic Orbit of a 
Planet, in whoſe Focus S, the Sun is; as the 
Mean Anomaly of the Planet in L is repreſen- 
ted by the trilinear figure A & S. 


ProposItiton' IE¶ 7 
HE Orbit of a Planet being given, to de- 
termine by calculation, as many Mean Auoma- 

lies and correſponding True ones, as you pleaſe. 

Let the Elliptic Orbit given be AL BP, | Fig. 
3.] in one of whoſe Foci & the Sun is placed. 
Let A be the Aphelion, P the Perihelion, C 
the Center, CA or CP the Mean diſtance of 
the Planet from the Sun, and C D perperdicu- 
lar to AP. In the Circle 4D P, deſcribed about 


the greater Axis as a Diameter, 'take at pleaſure 


from 4, the Arc AG, or Angle ACG, expreſſed 
n 1 | by 
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by the Number of Degrees and Minutes (as is u- 
ſual.) And becauſe (by 23 Elem. 6.) the Arc 
AG is to the whole Circumference, as a Sector 
ACC to the whole Circle, if the Circle as well as 
the Circumference be ſuppoſed to be divided into 
360 equal Parts, or circular Sectors correſpond- 
ing to the Degrees of the Circumference; the 
fame Number that expreſſes the Arc A &, ex- 
preſſes alſo the circular Sector 4 C; the latter 
in ſmall Sectors, the former in ſmall Arcs, either 
of theſe Kepler calls the Anomaly of the Excentric. 
But from the Dimenſions of a Circle, (accurate 
enough for Calculation,) the Ratio of the ſquare 
of the Semi-diameter to the whole Circle is gi- 
ven; and from the ſpecies of the Orbit given, 
the Ratio of the mean Diſtance B or CA, and 
alſo of the leſſer Semi-axis BC to the Excentri- 
city SC is given; and from thence the Ratio of 
the Triangle BCS to the ſquare of the Radius; 


and from the Ratio of the aſſumed Arc 4G to 
the quarter of the Circumference AD, is given 


the Ratio of the Sines of them, viz. & E to DC, 


and conſequently of BC to GE, that is, (by 1. 


El. 6.) the Ratio of the Triangle BCS to G CS, 
In the Parts therefore, of which the Circle contains 
3 60, there are given the Sector 46 C and the 
Triangle & C, (whoſe analogous one LC & is 
call'd the Phyſical Part of the Equation, as the 
Angle SLC is the Optical Part;) and there- 
fore the trilinear aggregate of them A GS, which, 
in the preceding Prop. is ſhewn to be proportio- 


nal to the trilinear Figure ALS, and conſequently 


may juſtly repreſent the Mean Anomaly. For if 
the whole Area A BP of the Elliptic Orbit be ima- 
gined to be divided into 3 60 equal Parts, the 
Part of it ALS, namely the Mean Anomaly of 


the Planet in L, will contain as many Parts of it, 


as ACS contains like Parts of the circular Area 


ADP; 


Book III. of As TRONOMY. 381 
ADP; and fo will be expreſſed by the ſame Num- 
ber. Again, in the Triangle @CS, the Ratio of 
the Sides & C, CS being given, (the Mean Di- 
ſtance of the Planet from the Sun to the Excentri- 
city) and the.contain'd Angle & CS, (the Comple- 
ment of the aſſumed Angle 4 C @ to two right 
ones) the Angle @SC (by 41 of the Data) will 
be given; and therefore alſo ASL' the Coequate 
Anomaly, that is, the Angle whoſe Tangent EL 
is to EG the Tangent of the Angle 4SG, found 
before, in the Ratio of the leſſer Semi-axis Ch of 
the given Orbit, to the greater Semi- axis C D. 
And ſince the mean and true Anomaly, found by 
Calculation, agree to the ſame aſſumed Arc 4, 
they will alſo agree with one another; or one will 
correſpond to the other. And after the ſame 
manner any other Arc may be aſſumed, and the 
agreeable Anomalies, (viz. mean and true) de- 
termin'd thence by Calculation, which will conſe- 
quently be correſpondent to one another. 


ProPosITION III. | | 

HE mean Anomaly of a Planet being given, 
whoſe Orbit is given, to. find by Calculation 

the true Anomaly and Diſtance of the Planet from 

the Sun, and contrarywiſe. | | 

Kepler, at the end of Part the 4th of his Celeſtiat 
Phyſics, ſays, thut there is no direct Method of 
Calculation for ſolving this Problem. How the 
Calculation of the Problem may be perform'd by 
an indirect Method, and fit enough for Aſtrono- 
mical Uſes, is now to be ſhewn. IntheCircie AD P, 
(Fig. 3.) touching the Orbit in the Aphelion and 
Perihelion, let the Arcs A@ or Angles 40G of 
the Anomaly of the Excenter, be taken, exceed- 
ing one another by ſingle Degrees. For every 
one of them (by the preceding Problem) find the 
correſponding Anomalies, viz. the mean and the 
| true. 
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true. When a Canon of the mean and correſpond- 
ing Coequate Anomaly, for a given Orbit of a 
Planet, is made to each particular Arc of the Ano- 
maly of the Excentric, look among them for the 
mean Anomaly given; and the correſponding 
true Anomaly is that which is ſought. But if the 
mean Anomaly propoſed, is not found among 


thoſe in the Canon, the true Anomaly ſought 


will be found (after the manner commonly known) 
by a proportional Part. If you are to work without 
'Tables, Kepler adviſes the uſe of the Rule of Falſe 
Poſitions, by ſuppoſing the Anomaly of the Excen- 
tric AG an Arc, or ACC an Angle, or ACC a 
Sector, (for theſe three are exprelfa by the ſame 
Number) to be of as many Parts as you pleaſe, and 


by adding or ſubſtracting from it, ſo aſſum'd as 


there is need, an analogous Trianglecongruous to 
the Phyſical Part of the Equation, viz. @SC, to 
make ehe mean Anomaly 4 & , for if it comes 
out as great as that propoſed, the Anomaly of the 
Excenter was well put, and the true Anomaly that 
agrees to it is the Anomaly ſought; becauſe fit- 

ting the given mean Anomaly; but if it does not 
come out ſo great, the Poſition is to be corrected 
by that which does come out, and the Operation 
is to be repeated. For finding the Diſtance of 
the Planet from the Sun, you have in the Triangle 
ECS, the Angle LSC given, namely the above 
found coequated Anomaly ; alſo the Angle L CS, 
the Supplement of the Angle LCA, whoſe Tan- 
gent is to the Tangent of the Angle ACC of the 
Anomaly of the Excentric, as the leſſer Axis of the 


Orbit to the greater ; the Excentricity of SC is 


alſo given, from whence the Diſtance & L of the 
Planet from the Sun becomes known. 3 
And after the like manner, may the mean Ano- 
maly be determined from the given true one, ei- 
ther by Tables already made, or by the Rule of 
Falſe Poſition. „„ ea 


III. 


Ind= 
of q 
no- 
the 
din 
f — 
10ng 


ught 


wn) 
hout 
Palſe 
cen- 
Ca 
ſame 
and 


d as 


us to 
5 
mes 
" the 
that 
fit 
S Ot 
Cted 
tion 
e of 
ngle 
oVe 
Es. 
Tan- 
the 
F the 


[6] is / 


the 


\ no- 
y ei- 
e of 


R Q= 


Book III. As T R ON O MN. 383 


- PrxoPposITION IV. 
"O divide aSemicircle in a givenRatiohyaright 
Line drawn from a given Point ofthe Diameter. 
Let AGB | Fig. .] bea Semieirele, Cits Center, 
AB its Diameter, 1 5 Sa Point giyen in the Di- 
ameter; from hence a right Line as & & is to be 
drawn, cutting the Circumference in &, ſo that 
the Area 4 & may be to the Area 5 Hes! in a 
iven Ratio, Biz. as p to 9. Suppoſe it done, 
and from & on A let fall the Perpendieular & E. 
Let the Semidiameter AC or CB be called ; 
AF, ; let n be a fourth Proportional to the 
right Lines SC, C 4, andthe Semi-circumference 


AH B. Then whe Semi-circumference x Radius 


HB 
wice the Semicirele m orm = 8 


Again, ſince by Suppoſition, the Area AG f: Area 
BH ES:: p:, therefore AG S BHG; that 


is, the Semicirele A HB: Area AG Sι p :p 3 


whence e PR Ts 
24G 8, = PSB 


— — k yV— — 


3 777 
0 80 355 0 Or, 4X SC= T 46 1 ro- 


wards B take CZ, fo to CB, as CB is to CS; 
and call AT, , theri is C br, and fo SC 


= ; and $C* a=24C S. And ſince 


CE = r—x, therefore SE = - + Neve 


But 2 GS =2 AGE + 2 GSE=2 AGE 
+ CE x E 8 But, by the Doctrine of Series, 
(now well known) in a Circle, whoſe Radius is 
the Segment whole verſed Sine is x, that is, 2 


F. = 1 
bg a rig er ar- 2 25 107 po. 


. — — — — 


5 28% 725 
and CE Xr t. 70% 102065 my — Se. 


2 1 649ͤ2 
Hence 
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Hence 2 A SE@=(SE x B@=r4x+ x0) , 
am! 


od CL ANN rs 8 
Dr. GES Vz HIN 5 r= 0% Ze 
1 272 1692 
GE= 3 5 N r. 
r 


| 242 167 22 


6 rra 0 th, 
n AGE +2 SEG, there- 1 
fore, by reducing the Equati f may 
yo wil map OG quation according to Art, Rati 

£5 00 3 | Tl 

4=4/2xbr x" — 27*x* 1.2% brix* , 4/> —+ true 
e eee eee and i. 

2 elegal 

that=—x+ 2. 24. 2 4 46? . „0 I 
FF Aſtro 

f OW 54-0 4, 0-7: 2ge>. -- oe it by s 
ch AE - l. te- x SO 
Sc. Taking therefore A E equal to ſo many Matio! 
Terms of this Series as you pleaſe, and from E Let 
erecting EC perpendicular to A B, it will meet whoſe 
the Circle in the Point G nF J. Fr 
And (by Prop. 1.) the ſame E & will meet any aawn, 
Ellipſe AK B, deſcrib'd upon the greater Axe have. vi 
AB, in L, ſo that SL being joyn'd will divide liple 4 
the Semi-Ellipſe AXB into two Parts A L At e 
BKLS, having the given Ratio to one another. having 
The leſs the Diſtance of the Points C and S$ the tril 
(that is, the Excentricity of the Ellipſis) and Whole ] 
the Ratio of p to 9, are the fewer Terms of this in L, 
Series will ſuffice : For the Ratio of p to 9 ought propoſe 
to be ſmall, that the Series, expreſſing the value COINCId| 
of the Segment A & E, may ſoon converge ; that is evide 
is, that a few of its Terms may be very near e- therefor 
qual to the Segment. the Ex. 

I formerly publiſh'd this Solution of the Pro- =, I 

blem before us, in a Geometric Exercitation concern- 4 LS 
hin to tour 


zug the Dimenſions of Figures, Printed at Edinburg 
ng | the 
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the Year 1684. ; but I thought it would not be 
amiſs to inſert it again here, as its proper Place. 


 PrRoPOoOSITION V. 


O divide an Elipſe that is not very excentric, 
by a right Line paſſing thro* one of the Foct, 
ſo that the Portion of the Elliptic Area contained 
between the greater Axis and the Line to be drawn, © 
may be very nearly to the whole Ellipſe in a given 
Ratio. 

The Method delivered in Prop. 3. of finding the 
true Anomaly by the mean, is reckoned tentative 
and indirect But any Geometric one, however 
elegant, (as is that formerly given us by the pro- 
tracted Cycloid by Dr. Wallis,) is not ſo fit for 
Aſtronomical Calculations ; and that, which does 
it by Series (as Frop. 4.) is too laborious ; on which 
account Aſtronomers have recourſe to Approxi- 
mations, eſpecially the following one. W 

Let the Ellipſe propoſed be 4 LP, | Pig. F.] 
whoſe Center is C, one Focus &, and the other 
F. From the Focus & a right Line & L is to be 
drawn, ſo that the Trilinear Figure 4 L $, may 
hare very nearly a given Ratio to the whole El- 
lipſe AL P A. | | 

At one of the Foci F, make an Angle 4 FL, 
having the ſame Ratio to four right Angles, as 
the trilinear Figure AL & ought to have to the 
whole Ellipſe, whoſe Leg FL meets the Ellipſe 
in L, and the Line SL will perform the thing 
propoſed very nearly. For if the Foci and F 
coincide with the Center C, it will be exactly, as 
is evident from Prop. 33. Flem. 6; the Error 
therefore is as great as that which proceeds from 

the Excentricity : If that therefore be {mall, that 

is, in an Ellipſe not very excentric, the Area 

ALS is to the whole Ellipſe as the Angle AFL 

to tour right Angles ; vz. in a given Ratio 
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Kepler himſelf, who firſt ſnew'd that a Planet 
deſcribed an Ellipſe, ſo that in equal Times equal 
Areas were deſcribed, being cut off by right Lines 


drawn to the Sun placed in the Focus, took no- 


tice alſo of this Approximation, and deſcribes it 
in Chap. 3. Part 2. B. 5. Epit. thus, as #f L were the 
Planet, the Angle AFL might be taken for the 
mean Anomaly almoſt, But he did wholly forbear 
uſing it, both becauſe in the Planet Mars it plain- 


ly differs from the Heavens, and eſpecially be- 


cauſe his elegant Demonſtrations of the Motions 
from their Phyſical Cauſes by this means would 
lie wholly neglected and uncultivated, becauſe en- 
tirely unknown ; he was therefore willing to per- 
ſiſt in the true Phyſical Theory of the Planets, 
tho? forced to uſe an indirect Method, as in find- 
ing the coequated Anomaly from the true, rather 


than to follow one foreign from the natural one, 
tho' the thing could be done by it directly and 


very eaſily. 5 
Afterwards the Celebrated Aſtronomer Seth 
I/Vard made uſe of this Theory of the Planets, as 
one that Nature it ſelf took into her ſervice ; and 
aſſumes that the Orbit of any Planet is Elliptical, 
in one of whoſe Foci is the Sun, which he ac- 
knowledges is the true and Phyſical inſtrument 
of all the Planetary Motions ; in the mean while 
the Motion of each Planet is ſo tempered about 
the other Focus as to form at it, Angles propor- 
tional to the Times; and upon this Hypotheſis he 
has built his Geometrical Elliptical Aftronomy (a 
very excellent Work, and what all ſound Aſtro- 
nomy is very much indebted to.) For he has ap- 
plied Geometry (with which he was very well 
acquainted) ſo happily to Aſtronomy, as not only 
to find directly and Geometrically the true Ano- 
molaly from the mean one given, but to determine 


the Orbits of all the Planets, as well in re pd 
h 0 
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of their Figure and Situation, as in regard of 
their Magnitude, (taking the Orbit of the Earth 
as a meaſure.) But ſtill he has not wiped off that 
'Ajzwue Tenia „ which ſtill cleaves to Aſtronomy ; 
For he ſolves this Problem of Aſtronomy, not 
according to the true and genuine Syſtem, where- 
by Kepler had challenged Geometers to ſolve 
them; but by a fictitious one, that comes ve 
near the true one. Notwithſtanding, the Method 
of his Aſtronomy is of very great uſe : Since the 
Orbits of the Planets are not very Excentric Ellip- 
ſes, but ſuch as come pretty near to Circles, nor 
does Ward's Hypotheſis, wherein he makes the 
Motion about the Focus, which the Sun is not in, 
equable, differ much from the accurate one ; and 
will be of very great ſervice in determining the 
Orbits of the Planets very nearly, which may (by 
repeating the Calculation, as ſhall be ſhewn be- 
low,) again be made more accurate at pleaſure. . 

Tis true that inael Bullialdus, in his Philolaic 
Actronomy, while he makes every Planet move in 
an Ellipſe, and cuts this Ellipſe out of a Cone, be- 
ing ſuch that the Axis of the Cone paſles thro? 
one of the Foci of the Ellipſe ; and laſtly, while 
(Chap. 15. Book 1.) he makes the motion of the 
Planet about the Cone and in Circles parallel to the 
Baſis of the Cone, to be equal; he has ſuppoſed the 
equable increment of the Angles at the Focus in 
which the Sun is not; ( vix. that through which the 
Axis of the Cone paſſes,) that is, the Hypotheſis 
of Hard, without knowing of it: Nor did he 
underſtand it, till Vard enquired into the foun- 
dations of his Aſtronomy, and demonſtrates it in 


the firſt Chap. of his Enquiry. And Bullialdus him- 


elf, who had commiſerated Kepler on the Account 
of his Miſtakes and Defects in Geometry, there 
meets with what he deſerved at the Hands of 
Hard, who ſhows Bullialdus (beſides the ſeveral Er- 
„ rors 
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rors, which he had committed and ingenuouſly 
confeſſes in his Found. of Phil. Aftr. aſſerted againg 
S. Ward,) that he did not throughly underſtand 
his own Hypotheſis, while he ſuppoſes, without 
knowing it, that the Motion about the Focus of 
the Ellipſe, in which the Sun is not, is equable; 
which notwithſtanding had qr known 
it, he would have finiſhed the greateſt Part of 
his Aſtronomy much better and eaſier. 

And Count Pagan has alſo ſeriouſly embraced 
this ſame Hypotheſis, vix. of an equable angular 
Motion of a Planet about the other Focus of an 
Ellipſe, in which the Sun is not placed, for true 
and genuine, and has publiſhed in French at Paris 
An.' 1657, a Theory of the Planets built upon it ; 
and at the end of his 'Theory, has boldly thrown 
upon the Miſtakes of the Obſervers, the diſagree- 
ment of it with the Heavens, which is greateſt 
in the Octants from the Apſides. And tho! this 
Theory of Pagan is younger by a whole Year than 
Ward's Geometrical Aſtronomy, and by three at 
leaſt than the Enquiry into the Foundations of Bul- 
tialdus's Aſtron. Philolaica, (where he had laid 
down the Foundations of all his Aſtronomy, and 
conſtructed moſt of the Problems ;) yet Pagan 
goes no farther than the determining the Place 
of a Planet in its Orbit being given at an al- 
ſigned Time, and its diſtance from the Sun; that 
is, the eſtabliſhing the Principles themſelves of 
Aſtronomy ; omitting all the comparative Aſtro- 


l 


nomy, in the cultivating of which by Geometry, 


the Accuratte ard has well employed his Pains. 
„% YL. 


KN Uppoſing the Approximation lately deſcribed to be 


accurate enough, (that is, in the Hypotheſis f 


Ward) the Mean Anwmaly being given, to find tit 
coequated Anomaly, and the Planets Diſtance fron 
the Sun in a given Orbit. 
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Let ALP Fig. 6.] be the Elliptic Orbit of the 
Planet about the Sun placed in Sas a Focus; let 
its Aphelion be A, Perihelion P, and greater Ax“ 
is AP: From the Mean Anomaly the Angle 
AFL given, the coequated Anomaly is to be 
found, namely the Angle ASL, and the Diſtance 
of the Planet in L from the Sun, viz. SL; that 
is, the Ratio of this right Line to PS or AP. 

Produce FL to B, ſo that LB be equal 
to LS; and join BS. And becauſe (by Prop. 
52. B. 3. of the Conics of Apollonins) EL and LS 
taken together are equal to the Axis AP, FB 
will be equal to the ſame AP. And therefore 
in the Triangle B F'S, the Sides B, FS, and 
the intercepted Angle B FS, the Complement 
of the given Mean Anomaly A FL to two or four 
right Angles, (according as L js in the firſt or 
ſecond Semicircle of Anomaly ;) being given, 
the Angles FSB and FBS or LSB will become 
known, whoſe Difference ASL is the coequated 
Anomaly fought. Beſides, in the Triangle LFS 
at firſt the Angle L F'S and Side FS are given, 
and now the Angle FSL is found, and the re- 
maining one FLS ; therefore the Side LS will 
be found in the Parts of the given diſtance of 
the Foci & E; that is, the Diſtance of the Pla- 
net from the Sun. &. E. F. | 

In finding the Angles FSB, FBS, inthe triangle 
BFS,when BF, Fs, and the Angle BFS are given; 
(by the common Rule of Trigonometry,) BF and 
FStogether are to BP leſſen'd by FS, as the Tan- 
gent of half the Angles B and FSB, to the Tan- 
gent of half the difference of the ſame. But BF 
and FS taken together are equal to AB and FS 
taken together; and B F leſs FS is equal to AP 
leſs FS, or twice S; and the Sum of the Angles 
Band PSB is equal to the external Angle AFL, 
namely to the Mean Anomaly ; and their diffe- 
rence is equal to FL the coequated Anomaly.And 

CC 3 theres 


therefore the Sum of AP and FS is to 2 PS, or 
the half of the one SA is to the half of the other 
PS; that is, the diſtance of the Planet when in 
its Aphelion is to its diſtance when in the Peri- 
helion, as the Tangent of half the coequated 
Anomaly : In which proportion the two firſt 


Terms are conſtant in the given Planet. 


After the like manner the mean Anomaly may 
be found, the coequated being given. But if you 
don't want the coequated Anomaly ASL which 
anſwers the given mean one AFL, but the Angle 
FLS (called the Elliptic Equation ;) it will be the 
double of the Angle FES found before. And this 
Angle ſubtracted from the mean Anomaly AFL, 
the Planet deſcending from the Aphelion to the 
Perihelion, or in the firſt ſix Signs of the Ano- 
maly, leaves the coequated Anomaly ASL : But 
If it be added to the mean Anomaly in the laſt fix 
Signs of the ſame it makes the coequated Anomaly ; 
from whence it receives the Name Proſthephereſis, 


| PROPOSITION VII. 


O evplain the correction of the preceding Ap- 
proximation made by Bullialdus ; and to ſhew 
bow (that being ſuppoſed) the coequated Anomaly and 
the diſtance of the Planet from the Sun may be found, 
Iſinael Bullialdus, in the defence of his Philolaic 
Astronomy againſt Ward, in a Book intituled, The 
Foundation of the Philolaic Aftronomy explained,Chap. 


I. and 2. ſhews from four Obſervations made by 


Tycho, that the Hypotheſis of Ward lately deſcri- 
bed dors not agree to Mars, which in the firſtand 
third Quadrant of the mean Anomaly dis more 
forward than it ought to be by this Hypotheſis, 
but in the ſecond and laſt Quadrant of the mean 
Anomaly is leſs than this Hypotheſis requires. 
But even now neither has he ſo much as looked 

- back 
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back upon the ſagacious Kepler, according to 
whoſe Phyſical Syſtem, the matter ought to be 
thus in every Ellipſe, and in Mars ſenſibly, (be- 


cauſe its Orbit is ſenſibly excentric ;) and as the 


very numbers themſelves which Kepler brings do 
plainly ſhow. But being reſolved upon correct- 
ing Ward's Hypotheſis, in requital of the like 
kindneſs from him, he brings the following cor- 
rection of the mean Anomaly, found as above, 
in Chap. . of the ſaid Book. Let AL BP Fig. J. 


be the Elliptic Orbit of a Planer, whoſe Foci, 


Apſides, Center, &c. are expreſſed by the ſame 
Letters as they have been frequently before: And 
let the Angle A FL, the mean Anomaly in the 
Hypotheſis of Yard, be to four right Angles, as 
the time in which the Planet deſcribes the Ellip- 
tic Arc A L to the entire periodic Time. And 
becauſe the Point L in the firſt and third Qua- 
drant of the mean Anomaly (that is, while the 
Angle AFL is leſs than a right, or greater than 
two, or leſs than three) is not ſo forward as Ob- 
ſervations require, but in the firſt and fourth Qua- 
drant too forward; that is, becauſe the Angle 
AFL is in the firſt caſe too little, and in the ſe- 
cond too great; therefore Bullialdus corrects this 
Angle thus. Thf L draw L.F perpendicular to 
the Axis AP; meeting it in E, and the Circle 
deſcrib'd upon the Diameter AP in &, and join 
FG, let the Angle A F & be taken for the mean 
Anomaly inſtead of AFL ; then the Angle AFG 
Bullialdus takes the Liberty of calling the Tue 
Mean Anomaly, leaving the Name of the Mean to 
the Angle AFL, which is proportional to the Time: 


And therefore the Place of the Planet in its Orbit 


corrected will be the Point V, where FG meets 
the Orbit. The Angle of the True-Mean Ano- 
maly AFV correſponding to the Angle of the 


mean Anomaly AFL is found very readily, by 


Cc 4 taking 
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taking an Angle whoſe Tangent is to the Tangent 
of the mean Anomaly, as the greater Axis of the 
Ellipſe is to the leſs; and this will be that which 
is ſought. For GE, the Tangent of the Angle 
GFE, is to LE the Tangent of the Angle L F, 
to the ſame Radius FE, as DC or & to Bc. 
And in the Triangle VF & (juſt as in the prece- 
ding Prop. in the [riangle L FS) the Side Ps, 
the external Angle A FV, and Sum of the Sides 
FV and VS being given, the coequated Ano- 
maly FSF is found, and the Side VS the Diſtancs 
of the Planet from the Sun corrected. &. E. F. 
And this is the Correction of H/ard's Hypotheſis 
which Bullialdus brings; and 'tis well enough, if 
it be taken only for a Correction of the Approxi- 
mation to the true Syſtem, as it ought to be; 
becauſe by it e coeguared Anomaly at length might 
be found from the mean a priori, and at the ſams 
time the Calculation ſatisfy Obſervation ; which no 
one had dene before him (according to Mercator's 
Judgment) in the Elliptic Hypotheſis. But when 
Bullialdus puts it upon us as the true and genuine 
Syſtem, and derives the Fhyſical Cauſes of it 
| (Chap. 3. and 4.) after his manner from the Cone, 
he not only leaves the Foundations of his Philolaic 


Aſtronomy unexplain'd, but diſputes as if there 


_ were no Phyſical Foundations of Aſtronomy at all. 


PRO POSITION VIII. 


O deſcribe the Orbit, wherein that celebrated 
Aſtronomer Dominicus Caſſini, thinks 4 
Planet is carried about the Sun, and to explain its 
Agreement and Diſagreement with natural Cauſes 
and the Phenomena. 
Let the Diameter AB of the Circle AKB N 
Fig. 8.] be divided into two equal Parts in the 
Point C, and thro' it draw an indefinite Line D E 
perpendicular to AB. Divide 4 B again in 7 
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ſo that 4 & may be to & as the Diſtance of the 
Planet (whole Orbit is to be defcrib'd) from the 
Sun when it is in its Aphelion, to the Diſtance 


from the Sun when it is in its Perihelicn ; and take 


CF equal to CG. From F on A let a Per- 
pendicular FH be erected, meeting the Circle in 
H. From the Center F, at the Diſtance F H, 
deſcribe a Circle cutting the indefinite right Line 
DE, in the Points D and E, which are the ex- 


treams of the leſſer Axis of the Orbit to bedeſcrib'd. 


To find its other Points, draw thro' F any how, 
the right Line IFK meeting the Circle in J and 
K From the Center Fat the Diſtance IF or FK, 
let a Circle be deſcrib'd ; and from the Center &, 


at a Diſtance equal to one of the Segments of the 


right Line IFK, vix. KF or IF, another Circle: 
the InterſeCtions of theſe Circles, viz. L, L, L, I, 
will be in the Orbit. And after this manner, be- 


\ cauſe two Circles are drawn from both Centers, 


four Points of the Orbit will be determined ar 
the ſame time. After the like manner its other 
Points may be determin'd, by drawing other 


right Lines paſſing thro' F, and bounded by the 


Circle on both Sides. Becauſe the Rectangle un- 
der the Segments of the right Line drawn thro' 
the Point F and bounded by the Circle is given, 
being equal to the Rectangle under AF, FB (by 
Prep. 35. Elem. 3; ) *tis evident that the Rectangle 
under the right Lines FL, G L, drawn from the 


Pcints F and G, to any Point L of the Curve 


ALB is alſo given, and equal to the Rectangle 
under AF, FB or under AG, GB; and there- 
fore that AG is to GL as FL to GB or FA. 
As in the common Ellipſe the Sum of the right 
Lines from the Foci inclined to any Point in the 
Circumfcrence is given, ſo the Rectangle under 


the right Lines drawn from the Points F and G 


to any Point in the Curve 4D BE is given, on 
(37-65, x Ct | l which 
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which account Cafſinz gave the Name of Foci to 
theſe Points Fand G. | 

He would have this Curve to be the Orbit of a 
Planet, which it deſcribes about the Sun placed 
in the Focus G, ſo that the Angles at the other 
Focus Fare proportional to the times ; which he 
therefore calls the Focus or Center of the mean 
Motion, as he does the other G, of the true 
Motion, where he places the Center of the Sun 
and of the World. Whence any two Diſtances 


of a Planet from the Focus of the true Motion 


are reciprocally as its Diſtances from the Focus 
of mean Motion. In this Orbit, the true Ano- 
maly, viz. A G is determin'd from the mean 
Anomaly or Angle A FL, if in the Triangle 
LFG, the Baſe FG, and one of the adjacent 
Angles LF (the Complement of AFL the 
mean Anomaly,) and the Rectangle under the 


two other Sides FL, FG being given, the other 


things be found. 

This Caſſinian Hypotheſis, briefly deliver'd in a 
Treatiſe of the Origin and Progreſs of Aftronomy, 
has this Phyſical Diſadvantage, that tho? a Planet, 
by the Action of a centripetal Force of a certain 
kind toward the Sun, (whoſe Law may be known 
by Cor. Prop. 37. B. 1.) may deſcribe the Orbit 


ALDBE about the fame placed in G, yet this 


force will be entirely different from that ufed in 
moſt of the Operations of Nature, and from that 
whereby the common Ellipſe, having the fame 


Foci and Vertices, is deſcribed about the Sun 


placed there ; and moreover this, that a Planet 


deſcribing the Curve ALD, as Caſſini ſuppoſes, 


(namely ſo as that a Line FL being drawn every 
here to the Planet, the Angle A F L is made pro- 
portional to the.time) does not at all obſerve that 
univerſal Law demonſtrated in Prop. 11. B. 1. fo 
as to make the Arca ALC, which the 9 
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GL proceeding from the Sun, deſcribes, ropor- 


tional alſo to the 'Time. On which account this 
Hypotheſis, as well as the above deſcrib'd Hypo- 
theſis of Ward and Pagan, is Phyſically impoſſible. 
Tis utterly impoſſible that a Planet, tho? it be ated 
upon by any centripetal Force tending toward the 
Sun, ſhould deſcribe the Perimeter of the com- 
mon Ellipſe, or of this Caſſinian Ellipſe, ſo as 


that the Angle at the Focus where the Sun is not, 


be alſo proportional to the Times. For this bein 
ſuppoſed, the Areas at the Sun would not be pro- 
portional to the Times, (as has been ſhewn above 
of the common Ellipſe, and ſhall be ſhewn here-- 
after of both) which notwithſtanding is done, as 
has been demonſtrated in Prop. 9. B. 1. | 
But we will demonſtrate that in the Figure above 


deſcribed ALDBE (or in any other that is concave 


every where toward the Center, whoſe four Parts 
made by the two Axis are equal and ſimilar, and the 
two Foci F and G equi-diſtant from the Center,) every 
Angle at the Focus F is not to four right Angles. as 
the Area at the Focus Gto the whole Figure ADBE. 

Let us ſuppoſe the Angle at the Focus F to be 


to four right as the Area at the Focus G, to the en- 


tire Tigure | Fig. .] Draw the right Line FL per- 
pendicular to A B; by which means the Angle AFL 
will be a fourth Part of four right, or half of two 
right ; and therefore the Area AL G will be, by 
ſuppoſition, a fourth Part of the entire Figure 
ADE, or a half of the half A DB, that is, 
equal to LD BG what it wants of half. From G 
draw G M parallel to FL, meeting the Orbit in 
M; and then G M, from the Nature of the Or- 
bit, will be equalto FL; and conſequently by 
Prop. 13. El. x. ML (which entirely falls within 
the Curve A DBE, ſince, by ſuppoſition, it is 
every where concave towards the Center C) is. 
equal and parallel to & F; and (by Prop. 34. EL 1.) 
1 5 ; _ 
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the Triangle M L is equal to the Triangle GFL. 
And fince the Figure AFL is, from the Nature 
of the Orbit, equal to the Figure B; the 
Figure A L G is equal to the Figure B ML &, con- 
tain'd under the right Lines BG, GL, LM, and 
the Curve B MH. But it was juſtnow ſhewn, that 
the Figure B MD LG, contain'd under the right 
Lines BG, GL and the Curve BM DL, is equal 
to the Figure ALG; and therefore the Figure 
B ML G is equal to the Figure BMDLG ; that 
is, a Part equal to the whole; which is abſurd. 
Therefore the Figure ALG is not a quarter of 
the whole Figure AD BE, when the Angle AFL 
is a quarter of four right ; or every Angle at the 
Focus F is not to four right Angles as the Area 
at the Focus & to the whole Figure. &. E. D. 
Beſides the aforeſaid Hypotheſis labours under 
this Difficulty, that the true Anomaly, and the 
correſponding mean Anomaly, and the Diſtance 
of the Planet from the Sun, do not in the leaſt a- 
gree with the Phenomena in the Heavens. For 
fince the common Ellipſe does agree with theſe 
Phenomena, that other, being the Caſſinzan one, 
which is of a different Nature, cannot agree with 
them. For the Place of a Planet, at a given time, 
in the common Ellipſe A TB Z, | Fig. 10.] will 
differ from that in the Caſſiniau Orbit ADB E, de- 
ſcribed with the ſame Vertices, A, B, and the 
fame Fcci F, G, as well in regard of the true 
Ancmaly or Angle made with AB at G, as of 
the Diſtance from the Sun, in reſpect of the Di- 
ſtance of the Aphelion GA. And tho? in Orbits, 
where the Excentricity is very ſmall, the Diſſe- 
rence is not very ſenſible; yet where the Excen- 
tricity is great, things are otherwiſe. In the for- 
mer Caſe, the Circle AGE X, deſcribed upon the 
Diameter AB, almoſt ſatisfies the Phenomena. 


Yet all Aſtronomers now -a-days acknowledge that 
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a circular Orbit is too broad about the mean 
Longitudes, as & and X. Bur this Caſſinian Or- 
bit AD BE, on the contrary is much too narrow 
in thoſe Places. Suppoſe for Inſtance, ATB Z 
to be the common Ellipſe, whoſe greater Axis is 
to the leſs as 5 to 4; let a Caſſinian Orbit A DBE, 
be deſcrib'd with the ſame Vertices and Foci ; its 
leſſer Axis DE will be leſs than the leſſer Axis 
7Z of the Elliptic Orbit, above a third Part, 
whereas in the mean while Q the breadth of the 
Circular Orbit exceeds 7Z by a leſſer Part, viz. 
only by a fourth Part. Therefore this Orbit, 
ſince Phyſical Reaſons don't ſuit with it, (becauſe 
it is entirely impoſſible to be deſcrib'd after the 
manner that Caſſini its Author requires, namely 
ſo as that the Angles at the other Focus, than 
where the Sun is, may be proportional to the 
Times; for thus the Area de ſcrib'd by the Radius 
would not be proportional to the Time: Nay, to 
deſcribe it at any Rate, a Centripetal force to- 
wards the Sun is neceſſary that is altogether dif- 
ferent from that which is uſed by Nature, -which, 
like every other natural Virtue, propagated from 
a Center or to a Center, in right Lines thro' the 
circum-ambient Spaces, is reciprocally as the 
Square of the Diſtance,) and ſince the Orbit does 


not agree with the Phenomena and Celeſtial Ob- 


ſervations, by reaſon of the ſhortneſs of the leſſer 
Axis, and the narrowneſs of the middle Orb ari- 


ſing from thence ; it ought, I ſay, to be thrown 


out of Aſtronomy. \ 

Since the celebrated Mr. Caſſiui, in his before- 
mention*d 'Treatiſe, propoſed to Aſtronomers this 
Curve, as the Orbit of a Planet, there have been 
various Diſputes about the Nature thereof, and the 
Law of Gravity requiſite to deſcribe it. In my ſe- 
cond Thoughts upon it, its different Species, and 
ſome Properties of them not ſufficiently known, 
preſented themſelves to me. Tis 


1 
i 
., 
1 
wi} 
A 
1 


* 
— 
1 
13 
ef 
'« 
4 1 * 1 
I 4 
i 4 
9 
1 
1 
r 
5 
* 
1 ( 
"7 ELY 
= 
* 
(3 ; + _ 
1 28 
n 
y RT 
5 b k 
ra” 4 
4 
2 , 
CSL © 
4 
"© 
4 \ 
>= 
r 
FAG, G 
„ FB 
\ 
+ 
4 7 of * 
* "T1 
F » 
SY. 0 a 
17. 
üb 1 
. ſ 
1 
14a x9 
[4 1 
2 
d 1 
2 
- 9 
44 
[ - 
. 
, . 
1 
Nies 
e 
” 
9 . 
* 
1 
* 4 © 
7 4, l 
us , 
4 1 4 
"58 
iT 7 
* 1 
a 
1 
1 
q + 4% 
* fg 
4+ l 
77" - 
of 4 
_ 148 
77 = 
1 48 
4 Ly 
N } AX 
-},, 
* - 
EL 
„ 
LY 
13 — 
72 
I 2 
* 
2 
*s 
N 4 Ul 
IJ ; 
. Fi 
44% 
l 
n b 
27 
PG + 
o 
1 1 
ad 
* 
12 
. 
«TX 
7. 
4 . 
[1 
a 1 
» 1 
12 
$ 
1 
»M 
1 
F "5 
38 
1 
1 
5 N 
1 


— ** E ” : 
— — 
p 9979 3333 
3 mL We 3 2 
e 
LES 3 5 
4 + waging. Si. =: © 


398 The ELEMENTS Book III. 
*Tis ſufficiently known that this is the Nature 


of this Orbit. If from two given Points Fand G 
[Fig. 11. ] to any Point H of the Curve, the right 


Lines FH, G H be drawn; the Rectangle under 


F, GH is equal to a given Space. The right 
Line FG produced both ways till it meets the 


Curve, ſhows the Vertices A and B; and AB 
3s the principal Axis ; and the Point C which is 


the middle between the Vertices, is the Center of 
the Figure, and DE drawn thro' C perpendicular 
to AB, the leſſer Axis; and the Points F and 
G the Foci. 

In this Figure, if the leſſer Axis exceeds the 
Diſtance of the Foci, the Curve terminating the 
Figure is every where concave towards the Center, 
as it is commonly taken to be. If, the principal 
Axis remaining the ſame, the Diſtance of the 
Foci is leſſen'd, the leſſer Axis will be increaſed, 
but it continues leſs than the Axis of the Ellipſe 
deſcrib'd upon the ſame principal Axis and with 
the ſame Foci; till at length the Foci meeting it 
becomes equal to the greater Axis, and the Fi- 
gure turns into a Circle. But if, on the contra- 
ry, the Diſtance of the Foci be increaſed, the 
leſſer Axis will be lefſen'd, and will become equal 
to the ſaid Diſtance, ſince the Diſtance is to the 
principal Axis as unity to a mean proportional be- 
tween one and three. | 

If the Diſtance of the Foci be farther increas'd, 
the leſſer Axis will be leſſen'd, and the Curve 
will be no longer Concave towards thg Center 
but Convex, at the Extremities of this Axis, as 
in Fig. 12 ; till the Diſtance of the Foci being ſo 
far increas'd, that it is to the greater Axis as the 
Side of a Square to the Diagonal of the ſame, the 
leſſer Axis will become nothing, and the Curve 
reach to the Center on each ſide. 
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If the Diſtance of the Foci be greater than 


in the ſaid Ratio, the leſſer Axis is impoſſible, and 


the Figure turns into two conjugate ones, as in 


Fig. 13. which, upon the increaſe of the Diſtance 
of the Foci, will be leſſen'd, till at length the 
Figure runs into two conjugate Points. 

The Diſtance of the Foci increaſing, the two 
conjugate Figures do again emerge, and they in- 
creaſe after the fame manner as they decreaſed 
before, differing from the former in the Order of 
the Foci and of the Vertices, and are increaſed 
till they become infinite. And afterwards this 
Syſtem will again approach to a Circle by the 
ſame Degrees as it receded from it. 

From what has been faid, *tis evident at firſt 
ſight, that this Figure is by no means fit to be the 
Orbit of a Planet. Not to mention the Caſes 
wherein it paſſes into two conjugate Figures, and 
lays aſide the Nature of an Orbit, namely where- 
ſoever its Excentricity is ſo great, as Comets (if 
they revolve round the Sun like Planets, as is 
moſt probable) require to deſcribe their Courſe : 
to paſs over theſe Caſes, I ſay, there are alſo in 
thoſe Caſes, where it returns into itſelf and makes 
an Orbit, ſome with an Excentricity ſo large, as 
that the Curve near the Points D and E| Fig. 12. | 
becomes convex towards the Sun ; and therefore 


the Planet would need a Centrifugal force from 


the Sun to defcribe this Part of its Orbit, where- 
as in the mean while, in the nearer and more re- 


mote Places B and A, a Centripetal force towards 


the Sun is requiſite. That is, that the circum- 
ſolar Bodies may be moved by that Law, it muſt 
be granted, that in equal Diſtances from the Sun, 
here the force is centripetal, but there centrifugal ; 
which, how foreign it is to all the Laws of Na- 
ture, any Body may eaſily fee. And tho' the 
Excentricity of no Planet is ſo great, yet tis well 

| known 
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diſcharging any Office in Nature, the remaining 
Species on this Side of that Limit, can't be ad- 
mitted as fit for that Office. *Tis neceſſary that 
this Cafſiniau Curve be thrown out of Aftronomy, 
not only upon the account of the Reaſons men- 
tion'd before in this Propoſition, v1Z. becauſe it 
does not agree with Celeftial Obſervations, by rea- 
ſon of the ſhortneſs of the leſſer Axis, and no Phy- 
fical Reaſons anſwer it, ſince to deſcribe it there 
would be need of a centripetal force towards the Sun, 
entirely different from that made uſe of by Nature ; 
but becauſe of its abſolute impoſſibility. For it is 
impoſſible that any Species of this Figure can be 
defcrib'd by a Planet, ſo as that the Angles at the 
other Focus, where the Sun is not, may be pro- 
portional to the times; for thus the Area deſcri- 
bed by the Radius that carries the Planet along 
would not be proportional to the Time. For *tis 
not true that increaſing the Angle at one Focus 
by equal Increments, the Increments of the Area 
made at the other at the ſame time will alſo be e- 
qual, as I thought not Jong ago. 

In the 12th and 13th Figures, the greateſt 
breadth of the Orbit is found, by deſcribing a 
Circle upon the Center C thro' the Foci ; for it 
will cut the Curve in the Points ſought J, I. 
And the greateſt Ordinate K L is a third propor- 
tional to the right Lines EF and FD, in the 
firſt of them, or a fourth proportional to the 
right Lines & F, GA, and AF in both. 

If DE remains in being, the Ordinate from the 
Focus FP is equal to the leſſer Semi-axis CU, 
when the leſſer Axis is to the Diſtance of the 
Foci, as the Side of a Square to its Diameter. 
If the Diſtance of the Foci be greater than in that 
Ratio, FP will exceed CD. 


SL Ce 
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| known to Geometers, that of a Figure, all whoſe 
Species beyond a certain Limit are unfit for the 
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ito CEO. +. 
Of determining the Orbit of the Earth, 
and the Theory of” the Earth ſeen from 
the Sun, or of the Sun ſeen from the 
Earth. ph” Og 
| PxoPosSITION IX. 7 
No define, by Obſervation, the Species of the 
Orbit of the-Earth, aud the Poſition .of its 
eis; as alſo the Periodic Time of the Earth. 
Our Deſign in this Book being to determine 
he Species of the Orbits of the Primary Planets 


out the Sun; the Orbit we ought to begin with 


that of the Earth about the Sun, as welt becauſe 
tis the ſame with that which the Sun ſeems to 
tſcribe in the ſpace of a Year. about the Earth, 
s eſpecially becauſe the Species and Poſition of 
tis is neceſſary to determine the ſame things in 
the reft of the Planets. | For ſince the Eye of the 
(bſerver is carried along together with the Earth, 
he Way of the Earth; ought firſt of all to be 
town, if you;,would be well acquainted with the 
Ways of the other Planets. 5 
Let the apparent Motion of the Sun be obſer- 
jd in the Ecliptic, when he is ſwifteſt; that is, 
nnen in a given ſpace of time he deſcribes the 
greateſt Arc towards the Eaſt ;. for in that Caſe 
(by Cor. 2. Prop. 41. B. 1.) the Earth is in the 
Peribelion P Fig. 14- | but when its. Motion is 
found to be ſloweſt, the Earth is in the Aphelion 
4. But the Place of the Earth ſeen fromthe Sun 
b exactly oppoſire to the Place of the Sun obſer 
id from the Earth, and therefore the Place of 
he Aphelion and Perihelion of the Earth, in the 
D d Ecliptie 
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Ecliptic ſeen from the Sun is had ; that is, the pol 
Poſition of the Line of the Apſides of the Earth. par! 
But in Book 2d we ſhew'd how the Places of the Plac 


Fixꝰ' d Stars in reſpect of the Ecliptic, that is, the 
Cardinal and other Points of the Ecliptic, might 
be determin'd in reſpect of the Fix d Stars, from 
whence the Poſition of the Line of the Apſides of 
the Earth among the Fix d Stars will be found. 
The ſame may be done by biſecting the Angle 
contain'd between two right Lines drawn to two 
Places, where the apparent Motions of the Sun 
from the Earth perform'd in a given time are e. 
qual; for ſuch Points are equi-diſtant from the 
Points of the Aphelion and Perihelion. To find 
the Species of the Orbit, you muſt obſerve (by 
Cor. 3. Pr. 41. B. 1.) that the apparent Motion of 
the Earth in the Aphelion A ſeen from the Sunin 
the Focus S, is to the apparent Motion of the ſame 
in the Perihelion P, as S Pa, to SA. And ſince 
the apparent Motion of the Earth ſeen from the 
Sun, is the ſame with the Motion of the Sun ſeen 
from the Earth; from the Obſervation of this, 
while the Earth is in the Aphelion and Perihelion, 
the Ratio of $41 to SPA will become known, 
and conſequently that of & A, SP; and by com- 
pounding and dividing them, you will have the 
Ratio of S4+ SP to SP, and - to SP; 
or of AP to SP, and (ſuppoſing F to be the o- 
ther Focus) of SF to SP, and conſequently the 
Ratio of AP to FS is alfo given. 
The fame things may be determin'd from the 
Obſervation of the apparent Semi- diameter of the 
Sun: For the Earth is then in the Aphelion, 
when the apparent Semi-diameter of the Sun 1s 
the leaſt ; and conſequently the Place of the Sun 
oppoſite to the Place then obſerv'd, is the Place 
of the Aphelion ſeen the Sun : and after the 


fame manner of the Perihelion. The _ 
7 | oint 
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Point alſo between the two Points of the ſame apa 
parent Diameter where the Sun is, ſhews the 
Place of the Aphelion or Perihelion of the Earth; 
all which are too plain to inſiſt upon. 

To determine the Species of the Ellipſe, let 
D be the Diameter of the Sun ſituated in the 


Focus S. And the Angle DA is to the Angle 


DPI, as SP to SA ; but the two firſt Terms of 
this Proportion are given; therefore the Ratio of 
SP to SA is known : From whence, as before, 
the fought Ratio of AP to FS, determining the 
Species of the Ellipfe, may be had. Inſtead of 
the apparent Diametefs or Semi-diameters of the 
Sun, meaſured by the Angles or Arcs, the Tan- 
gents of the Angles DAS, DPS, of the appa- 
tent Semi-diameters may be taken, as being evi- 
dently more exact. e * 
Beſides, the ſpace of time from the Moment 
of the Earth's being at one Apſides, to the Mo- 
ment of its next return to the Rane, to be deter- 
min'd from what has been ſaid in this Propoſition, 
is the periodic Time of the Barth. But this will 
be better determin'd, if ſuch Moments are uſed 
as are at the greateſt Diſtance poſſible from one 
another, and the intermediate time be divided 
by the Number of Revolutions the Earth has 


made in the mean while about the Sun; for then the 


Time of one Revolution of the Earth will come out. 


PRO POSITION X. mo 
O determine the Time of either Equinox by 
Obſervation. fat 
Juſt about the Equinox obſerve (by Prep. 18. 
B. 2.) the Sun's Declination, which, if it be no- 
thing at all, will then be the Time of the Equi- 
nox itſelf : But if any thing, then from thence 
(by Prop. 20. B. 2.) the Place of the Sun in the 


Ecliptic will be found. Let the fame be repeated 


again, 


Dd 2 
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again, or even a third time, at ſome Diſtance of 
time between. And by the. help of the Places 
thus found, and of the intermediate Time, the 
Time of the Equinox it {elf will be found. 

In the performing this and ſuch like Problems, 
the Obſervations of the Sun are to be corrected, 
(as always) by the Parallax and the correſpond- 
ing Refraction, and all other things re to be 


cautiouſly avoided, that may render the Calcu- 


lation uncertain ; as of two Obſervations made 
on the ſame ſide of the Time which is to be de- 
termin'd ; but rather two Obſervations, whereof 
one precedes and the other follows the Equinox, 
are to be made Choice of. | 


 PxoPOSI TION XI. 
O determine the Time of either Slice 


Becauſe the 'T ropic touches the Ecliptic in 
the Solſticial Point, the 15** Figure will repre- 
ſent the little Portion of the Tropic and Ecliptic 
near the Solſtice ; where ,T R is the Tropic; 
EC the Ecliptic touching it in the Solſticial 
Point S; and the little right Lines 4 /, d per- 
pendicular to TR, will repreſent the Deviations 
of the Points of the 'Ecliptic } I fromthe Tropic, 
or the Changes of their Declinations : In which 
Caſe, the little right Lines, 41, d are (by Prop. 
24. Book 1.) as the ſquares of the Arcs 555 Sh, 
or of the right Lines S d, Sd, being nearly "equal 
to them reſpectively. On which account a ſmall 
Portion of the Ecliptic near the Solſtice &, will 
not ſenſibly differ from the Parabola E SC ; that 
is, a Figure, whoſe Property is to have d every 
here as the ſquare of the right Line & d reſpe- 
Qively. .. Again, the Arcs $1, $ are as the times 
wherein they are defcrib'd by the Sun: For, 


ſince the Apſides of the Elliptic Orbit, which the 
Sun 
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nce of 
Places Sun deſcribes as to Senſe, continue at this Time 
e, the pretty near the Solſticial Points, the apparent 
Motion of the Sun will be equable; that is, the 
blems, Arcs S, $1 will be as the Jimes wherein they 
rected, are deſcrib'd. From whence. it. may be fairly in- 
ſpond- ferr'd, that a Portion of the Ecliptic near the Sol- 
to be ſtice (ſuppoſe that Portion which the Sun deſcribes 
Calcu- in about ten Days, five before and as many after 
made the Solſtice,) does not at all differ from the Para- 
be de- bola $17, | Fig. 16.] in which the Abſciſſa's S, 
hereof SP are what the Declination of the Sun every 
UINOX, Moment wants of the greateſt Declination ; con- 
| ſequently their Differences PP, PP are: as the 
Differences of their Declinations themſelves; that 
| is, as the-Intervals of the Altitudes of the Sun above 
A the Horizon, (or of the Diſtances of the ſame from 
the Vertex) in the Meridian or any other Verti- 
tic in cal Circle: And the Ordinates PI, P] are reſpe- 
repre- Ctively as the Times wherein the Sun acquires the 
cliptic aforeſaid Declinations, and the Intervals of the 
ropic; one are as the Intervals of the other. 
Iſticial Theſe Things being demonſtrated, let a Gno- 
1 per- mon AB. | Fig. 17. | be erected, whoſe Shadow 
lations made by the Sun when *tis near either of the Sol- 
["ropic, ſtices, and receiv'd upon the Plane CD (to which 
which a right Line B H, connecting the Sun and the 
y Prop. Vertex of the Gnomon B, is almoſt perpendicu- 
5 S lar) marks out the Point H: Some few Days after 
y equal (for Inſtance, three or four) obſerve again the' 
a {mall Point where the Shadow of the Extremity B falls, 
S, will when the Sun is upon the ſame Vertical Circle; 
ʒ that and let that be F: And let the like Obſervation 
every be repeated again, and Point obſerv'd be &: Now 
reſpe- from theſe three Points I, F, & being giren, 
e times the Time of the Solſtice it ſelf is to be found. Tis 
For, evident that the right Lines HF, F are the 
ch the Intervals of the Diſtances of the Sun in the ſame 
Sun Vertical Circle from the Horizon, or from the 


D d 3 Ver- 
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Vertex; (that is, by what has been ſhewn above, 
the Ch 
not in the leaſt differ from an Arc of a Circle de- 
ſcrjb'd upon the Center B with the Diſtance B G, 
becauſe the Angle FBA, HB, are very ſmall, 
And if inſtead of the Plane CD, to which BG is 
perpendicular, the Shadow ſhould be taken upon 
any other Plane CE inclin'd to C by the An- 
le DCE, not a very great one; for Inſtance, in 
the Points B, 1 g; the right Lines bf, g f will 
have the ſame 
becauſe the right Lines F F, g , Y, are almoſt 
parallel; ſince they meet only in the Point B, 
which is at a Diſtance great enough in reſpect of 
the Diſtances FF, g &, H. The Problem theres» 
fore tor finding the Solſtice from the Points F, G, 
H given, together with the Moments of Time, 
wherein the Sun, placed in the ſame Vertical, caſts 
the Shadow of the Point B to them, is reduc'd to 
the following Problem, purely Geometrical. 
The Diſtances AT, T E, [Fig, 18. of three 
Parallel right Lines AB, TY, ES, Hing in the 
fame Plane being given ; to deſcribe the Parabola 
KLM, whoſe Axis CVD is parallel to AB, TY, 
ES. that cuts them in the Points K, L and M, ſo 
that, drawing the Ordinates to the Axis, K H, LF, 
M, the Portions FG and FH of the Avis in- 
tercepied by them, may be equal to given right 
Lines. | | | 
For by this means, (if Fe, and FH are equal 
to FG, FH mark'd out by the Obſervation de- 
ſcrib'd above, and the Ratio of AT to TE the 
fame with the Ratioof the Time between the Ob- 
ſervat ion of the Points H and F to the Time be- 
tween the Obſervation of the Points Fand G) KH, 
LF, Md will repreſent the Times between the 
Obſervations of the Points, E, P and G, and the 


Moment it ſelf of the Solſtice; that is, as the Points 
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A, 7. and E repreſenting the Moments of the 
Time wherein the Shadow of the Gnomon was 
obſerved in the Points H, F, and G, the Point 
C will repreſent the Moment of the Solſtice it ſelf. 
Call the Line-AT, a; TE,b; FH, c; FE, d; 
TC, x. Then AC or KH Sa, and 
EC or G MS -x. Call the principal Latus 
rectum of the Parabola r. Then from the na- 
ture of the Parabola x*= VFxr, and there- 


2 1 
fore /F = . After the like manner FH = 
a L2 AX TX 8 bY —2 Bb ＋ * 


Wherefore c=(FH=VH—VF) = Rong 3 


and d = (FE=VEC—VF=) - * . And 
getting away r, by the help of theſe two Equa- 


a +2ax b* tbe 


7 And 
ordering the Equation a 1 is uſual, „ will be 


== - r , that is, the ſpace of time between 
the known Moment repreſented by 7, (namely, 
when the ſhadow of the Gnomon was obſerved 
in F.) and the Moment of the Solſtice ſought: ; 
from whence the time of the Solſtice it ſelf will 
de given: E F. 

But if the time between the obſervation of the 
Shadow in H, and the Solſtice it ſelf be ſought, add 
AT to TC found, and the ſought HC=(a+x=) 


2 ad + 25. SW, After the like manner will JC -- 


4. 
be OC) e But if the or- 


der of the Obſervations be ſuch, as that the obſer- 


— 


tions; you will find — 


vation of the Shadow of the Gnomon in Fbe ex- 
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actly in the middle between the Obſervations of 
the lame in H and &; that is, if AT'=T E, or 
ab, the Equation will be more fimple ; for 
the diſtance of the Times of the Solſtice and oft 
theShadow obſerved in Fuill be equals ; 
f a 4+ 2C 
the diſtance of the. Solſtice from the time. of the 
obſervation of theShadow in Hequal to — f 
and from the moment of the obſervation of the 
ier T7 ou 
Shadow in & equal to —— that is, in the 
Figure, as 2 FH+2 FC to EH, or 4 HF- 2 
G to & H, or 2 HF- H to! CH, ſo is the 
half of the time between the firſt obſervation of 
the Shadow in H and the laſt obſervation of the 
Tame in &, to the time between the middle ob- 
ſervation of the Shadow in Fand the moment of 
the Solſtice- it ſelf ſought. 
Ihe ſagacious Mr. Edm. Halley firſt found out 
and publiſhed this Method of determining the 
Times of the 3 in the Philoſpb. Tranſat. 
for the beginning of the Year 1695; and illu- 
ſtrated it by the Example of two Solſtices deter- 
; mined by this, from the Obſervations of Walther 
and Caſſeudus 5; where he takes notice of ſeveral 
things well worth obſerving in the Practice, con- 
cerning the ſituation and advantageous Form of 
the Gnomon, and concerning the accurate Ob- 
ſeryat ion of the Shadow, and other Things. 


1 PxoPosITIION, XI. 
FJ" O define the quantity of the Tropical Tear. 


0 Since the Tropical Year is that ſpace of time 
wherein the {ame Seaſons of the Year, return a- 
gain z that is, wherein the Sun departing from a- 
ny point of the Ecliptic (for inſtance that where- 
| in 
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in it touches the Tropic) returns to it again; ? tis 
evident that its Quantity will, be determin'd, if 
the Sun be twice obſerv'd in the ſame Point of the 
Ecliptic, (for Inſtance, twice in the ſame Equi- 
nox, by Prop. 10, or in the ſame Solſtice, by the 
II th.) and the intermediate time be divided by 
the Number of Revolutions of the Earth about 
the Sun made in the mean time. If there be any 
Error in determiriing the Moment of the Equinox 
or Solſtice, that it may not diſorder the Meaſure 
of the Tropical Year, tis proper to make uſe of 
ſuch Equinoxes or Solſtices as are at the greateſt 
Diſtances from one another, ſo that the Error'di- 
vided into ſo many Parts (by the Diviſion made 
by a great Number of intervening Revolutions) 
may..become. infenſible. e. 
But becauſe the Times of the Solſtices ſeem'd 


difficult to the Ancients to be diſcern'd, as Prole- 


ay himſelf ſays, who therefore paſs'd over the Sol- 
ſtices of Meton and Euctemon and Ariſtarchus him- 
ſelf; which alſo ſeem'd ſo true to the Moderns, 
that Ricciolus aſſerted that Plolemy was too confident 
in hoping that neither himſelf nor Archimedes had 
err'd ſo much as a quarter of a Day in their Ob- 
ſervation or Computation in the Solſtitials; and 
Hevelius, Chap. 4. Prod. Aſtron. ſays, That the Sol- 
ftices, tho they be.obſerv'd by the beſt and greateſt 
Inſtruments, and even the moſt experienc'd Obſerver, 
can never be determin'd in their ſmalleſt Parts: 
Aſtronomers have made uſe of the Obſervations 


of the Equinoxes, whoſe Moments they thought 


more accurately determinable, on the account of 
the vaſt and ſenſible Change of the Declination of 
the Sun about the times of the Equinoxes. But, 
by the help of the preceding Method, the times 
of the Solſtices themſelves may hereafter be de- 


termin'd, at leaſt as accurately as thoſe of the 
Equinoxes. 4 
Where- 


_ 
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Whereas the Sun ſeems to move ſometimes 
ſlower and ſometimes ſwifter, (according to the 
different Velocity of the Earth about the Sun, ) if 
inſtead of that, it be imagin'd to move equably, 
fo as to deſcribe the Ecliptic in the time deter- 
min'd by this Propoſition ; ſuch a Motion is very 
fitly call'd its Mean Motion, (being really ſuch an 
one between the ſwifteſt and ſloweſt,) and the 
Place the Sun is thus in, is call'd its Mean Place, 


| PrxoPosSITION XIII. 
O determine the Quantity of the Sydereal 
1 

By comparing the Place in the Ecliptic a Fix d 
Star was formerly in, with its preſent Place, find 
the Annual Preceſſion of the Equinox; that is, 
how much each Point of the Ecliptic recedes from 
a given Fix d Star towards the Welt in the ſpace 
of one Year, which was done in Book 2. Prop. 31: 
And by the preceding Propoſition determine the 
ſpace of Time requiſite for the Sun to deſcribe an 
Arc of the Ecliptic equal to the Preceſſion thus 
found. This therefore added to the Quantity of 
the Tropical Year, gives the Quantity of the 
Sydereal Year, which conſiſts of the Tropical 
Year, wherein the Sun departing from a Point of 
the Ecliptic returns to the ſame, that has in the 
mean while mov'd a little way forwards to meet 
it, and of that beſides wherein the Sun deſcribes 
that Arc thro* which the ſaid Point of the Ecliptic 
mov'd to meet the Sun; that is, wherein the Sun 
departing from an immovable Point (for Inſtance, 
a Fix d Star) ſeems to return again to it, 2 
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8 H PrxoPOSITION XIV. 

Hree places of the Sun, determined by Prop. 
Þ 20. B. 2. andthe Periodic Time of the Earth, 
which is very nearly equal to the Sydereal Tear, de- 
jerninzd by the preced. Prop. being given, to find 
the Spectes of the Orbit of the Earth, the Situation 
of the Line of the Apſides, and the Time when the ' 
Earth is in ber Aphelion. © | | 

The Methods laid down in Prop. 9. for finding 
the Species and Poſition of the Orbit of the Earth, 
require ſuch accurate Obſervations that they are 
hardly fit to be put in practice: We ſhall therefore 
add the following one, better fitted for Aſtronomic 
Uſes. Let there be given three Places of the Sun 
by obſervation, namely, when the Earth is in the 
three Points B,C,D,ofits Orbit| Fig. x9. Therefore 
the three Lines S B, SC, SD are had by poſition, 
or the three Angles BSC CSD, BSD. And the 
Period of the Earth being given, together with 
the Times between the Obſervations, the Ratios. 
between the whole Area of the Ellipſe ACP B 
and its Parts B C&S, CDS and BDS are alſo given. 
The Problem therefore is reduced to this, to de- 
ſcribe ſuch an Ellipſe having a given Focus &, as 
that its whole Area may be to its Parts contained 
under the right Lines SB, SC, S D, given by 
e and the Curve of the Ellipſe, in given 

atios. | | 

Let AP then be the Orbit of the Earth, Sand 
F its Foci, A its Aphelion, and P its Perihelion. On 
the Center S imagine a Circle deſcribed by a Ra- 
dius equal to the greater Axis, the Circumfe- 
rence whereof cutting the right Lines S B, SC, 
SD produced in R, Z and J. Join the right 
Lines FB, FC, FD, FR, FZ, F; and produce 
one of them Z F, until it meet the Circumfe- 
rence again in &, and join R, C7, TZ, 


8 
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If ACDPB be the true Orbit of the Earth, 
then (by Prop. 5.) the Angles BHK, CFD, BFD, 
will be reſpectively to four right Angles nearly as 
the Times between the Obſervations to the Perio- 
dic Time: And on the contrary, if the ſaid Ra- 
tio holds in theſe Angles, ACDPB is the Orbit 
of the Earth ſought. What remains therefore to 
be done is, to find the Poſition of the right Line 
SFor AP, and the Species of the Ellipſe, by 
having given, beſides the Angles BSC. CS 
and BSD, the Ratios alſo of the Angles B FC, 
CFD and B FD to four right Angles. 
Since there are given the Angles R SZ, Z JI, 
RS, namely the obſerved Differences of the Lon- 
gitudes, and the Angles BFC, CFD, BFD, namely 
the Mean Motions of the Earth almoſt for. the 
Spaces of the Times between the Obſervations ; 
therefore there are alſo given RFZ, ZFI, RFI, A- 
rithmetical Proportionals between BC and RSZ, 
CFD and Z C, BFD and R ST reſpectively. 
For ſince SR is equal to AP, by Conſtruction, and 
the Sum of the right Lines SB and EF equal to 
the ſame,(by Prop. 52. B. 3. of the Conics of Apollo- 
nius) BR and BF will be equal; and after the 
like manner may CZ, CF, as alſo the right Lines 
DZ, DF, be fhewn to be equal. Conſequently 
BR Fand BFR, CZ F and CFZ, DTF and 
DFT will be equal. But the Angle BFC 
RFZ+BFR +CFZ; and RFZ=RSZ+ 
B RF CZ T. Since therefore B FC exceeds 
RF Z as much as that does the Angle RS; tis 
plain that theſe are Arithmetically proportional. 
After the ſame manner are CFD, Z FI, 2ST; 
alſo the Angles, BFD, RF, RS, are Arithmeti- 
cally proportional.Beſides, in the Triangle TTC all 
theAngles are given;namely F equal to the com- 
plement of the angle TZ, to two right Angles a 
mean Proportional between CFD and C neh 
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which are known, and TGF half the obſerved 
Angle Z ST: And therefore ſuppoſing TF to be 
of any Number of Parts whatever, FG will be 
given in thoſe Parts. In the Triangle RFG 
all the Angles being given, (namely RF the 
complement of ZFR to two right, and FGR half 
the Angle ZS Rand the Sides F@, FR will be gi- 
ven. And in the Triangle TF R there being given 
Fand FR, and the Angle TF R, (becauſe a 
mean Arithmetic proportional between B FD 
and BS D,) TR will be given and the Angles 
FRY, FZR. Then, in the Itoſceles Triangle TR 
all the Angles are given (becauſe TSR at the 
Vertex of the Triangle is given) and YR, there- 
fore T8 alſo will be given. Laſtly, in the Tri- 
angle FYS the Angle FTS is given (the dif- 
ference between the known ones RT, RTF) 
and the Sides FZ, TS; therefore the Angle TSF 
and Side SF will be found. But the Poſition of 
the right Line TS is given, namely, the Place of 
the Sun in the third Obſervation, when the Earth 
was in D; therefore the Poſition of the Line of 
the Apſides AP will be given, becauſe inclined in 
a knownAngle TSF to TS given by Poſition.But 
in the ſame Parts, in which T is expreſſed, the 
right Line SF is found; therefore the Ratio be- 
tween TS or what is equal to it AP the greater 
Axis of the Orbit, and SF the diſtance of the 
Foci is given; that is, the Species of the Orbit. 
Nor can any thing elſe be determined by the Ob- 
ſervations: For every Elliptic Orbit ſimilar to 
ADP, deſcribed about the Focus &, whoſe great- 
er Axis is the ſame in Poſition with the right Line 
SF, will ſatisfy the Obſervations propoſed. - 
In the Triangle DF, the Side SF, the Angle 
DSF, and the Angle FD , the double of STF 
lately found, being given; D F'S is found, and 
contequently DFA contiguous to it. —_ the 
ime 
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Time which is to the whole Periodic 'Time as the 


Angle DF A to four right, is that which hap- wy 

ns between the Moment of the Obſervation in the 
D, and the Moment that the Earth is in its Aphe- 1 K 
lion: this therefore becomes known. pre! 


The Method of determining the Species of Wh 


the Orbit, and the Poſition of the Line of the Pro 
Apſides here delivered, agrees as well to any me⸗ 
other Planet revolving about the Sun as to the the 
Earth, provided there are but three Obſervations Apl 
as much to the Purpoſe in this other Planet, 2 tenc 


thoſe three uſed about the Earth. | 


| PROPOSITION XV. 
1 þ O correct at pleaſure the Poſition of the Liu 
of the Apſides, and the Species of the Orbit 
determined above. | 
Let the Poſition of the Line of the Apſides and 
the Species of the Orbit found by the foregoing, 
be taken for true and accurate, (for they do not 
differ much from thence by-Prop. 5.) from them 
and the Periodic 'Time and. the 'Times between 
the Obſervations being given, find the Angle 
corrected at F, agreeable to the Times of the 
Obſervations made in the Points B, C, and D; 
and if you will uſe only thefirſt Correction (name- 
ly Bullialdus's,) this may be done by Prop.); and 
you may go to what exactneſs you pleaſe by Prop. 
4. By the help of theſe Angles thus corrected, | 
inſtead of the former, that are ſimply propor- 
tional to the Times ; that is, in the Language 
of Aſtronomers, by the help of the Angles 
of the mean Angles of the mean Anomaly thus 
equated, inſtead of the Angles of the mean ſimple 
Anomaly made uſe of before, let the Calculation 
of the former Propoſition be repeated, and let the 
Poſition of the Line of the Apſides and the Spe- 
cies of the Orbit be found, and they will be 
more accurate. CO ROL. 
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COR Qi LATE; 
From whence the Motion of the Apſides of 
the Orbit of the Earth may be determined: Name- 


1y by comparing of the Place of the Aphelion at 


preſent with its Place ſome Tears ago, (both 


which are found by Prop. 14, and corrected by 


Prop. 15,) and by dividing the Arc made in the 
mean while by the ſaid Aphelion by Number of 
the intervening Years, the Annual Motion of the 
Aphelion will come forth, which alſo will be ex- 
tended to Parts of a Year. 


ProPeosITION XVI. 


O find the Place of the Earth ſeen from the Sun, 
T and its Diſtance from theSun at auy given Time. 
The Species of the Orbit of the Earth, and the 
Place of the Aphelion for any known time being 
defined by the two laſt Propoſitions, find the Place 


of the Aphelion for the time given: And if it be 


ſince the time to which the Place of the Apheli- 
on was determined, add the Motion of the Ap- 


ſides made in the mean while, and defined by the 


Corollary of the preced. Prop. to the Place of the 
Aphelion determined before, or let it be ſubtract- 
ed, if the time given be before; and you will 
have the Place of the Aphelion for the given time. 
Then let the Time when the Earth once was in 
the Aphelion be determined (by Prop. 14,) and 
becauſe by Prop. 137 the Periodictime of the Earth 
may be known; from thence alſo will be known 
the time when the Earth was in its Aphelion next 
before the 'Time propoſed, and conſequently the 
Ratio between the Periodic time of the Earth and 
the time elapſed ſince the laſt Aphelion is known; 
that is, in the Figure ALP(Fig.1.Yrepreſenting the 
Orbit of the Earth, the ratio of the entire Ellipſe to 
the Area ALS : And conſequently (by Prop. 3, 4,6 
and 7.) the Angle ASL vill become wy 

2 d 


And ſince the Poſition of the right Line AS is 
known, the Poſition of the right Line £L will 
alſo be known; that is, the Place of the Earth 
ſeen from the Sun. Beſides, by the Propoſitions 
above cited, the Ratio of the right Line L to 
the right Line 4g becomes known; that is, the 
Diſtance of the Earth from the Sun in the Parts 

of the greater Axis. (5/7 

| Pxo'vposITioNn- XVII. 
O explain the inequality of the natural Days, 

and to ſhew the Equation of Time. 

Since it is the Buſineſs of an Aſtronomer to 
ſhew the Motion of the Stars, and this is per- 
formed in Time, and can't be conceived without 
it, and ſince the moſt ſenſible part of Time isa 
natural Day, by the repetition of which a Year, 
and by the diviſion of which an Hour and 
the Parts of an Hour are made ; and fince in 
computing their Motions, all Days ought to be 
ſuppoſed equal ; as far as this ſuppoſition is from 
truth, ſo far even the Celeſtial Mntions taken out 
of the 'Tables will diſagree with the Phenomena, 
if no account of this inequality be taken. To undet- 
ſtand this, obſerve, that a Natural Day is that ſpace 
of time, that intervenes between the Sun's leaving 
a given Meridian in the Heavens and returning to 
it again; that is, the ſpace of time wherein a 
revolution of the whole Celeſtial Equator is per- 
formed, and over and above, of that part of it, 
that anſwers to ſuch a Portion of the Ecliptic, as 
the Sun deſcribes in the mean while by its Annual 
Motion towards the Eaſt. But becauſe this Por- 
tion of the Equator, added to the whole Equator, 
is not every where equal, as well on the account 
of the Obliquity of the Ecliptic, as that the appa- 
rent Annual Motion of the Sun about the Earth 
is not equable; neither will theſe Natural Days 


be equal: And would therefore then be _—_ 
| | the 
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the Sun ſeen from the Earth in its Annual Motion 
mov'd both 257 55 and in the Equator ; and 'tis 
evident in this Caſe, after that the whole Equator 
has paſs'd the Meridian, there remains that Por- 
tion ſtill to paſs, which the Sun in the mean while 
would deſcribe by its Annual Motion towards the 
Eaſt, which Portion would always be equal to it 
ſelf, ſince we ſuppoſe this Motion to be equable ; 
and therefore even the Time meaſuring the Paſſage 
of the whole Equator and this additional Part, 
by the Meridian, would be always equal to it 
ſelf. Let us therefore ſuppoſe another Sun, as 
was ſaid before moving in the Equator, and con- 
ſequently medſuring the equal or mean Time: 
"Tis evident that the Difference of the Time, 
between the appulſe of the true and imaginary 
Sun to the Meridian, or any other Hour Circle, 
is that which, from the apparent Noon, makes 
the mean Noon, or the apparent from the mean; 
'' 's, the Equation of Time it ſelf. And becauſe 
tac true Sun and that Point of the Equator, 
where its Right Aſcenſion ends, arrive at the 
Meridian together; and the Equation of Time 
is that ſpace of Time, that flows while the Arc 
of the Equator contain'd between the extreme 
Point of the Right Aſcenſion of the true Sun and 
the Place of the imaginary Sun, paſſes the Meri- 
dan; if this Arc be converted into time, you will 
have the Equation of time ſought. Beſides, the Place 
ofthe imaginary Sun is as far diſtant in the Equa- 
tor from the Point of the Vernal Equinox, as the 
mean Place of the Sun in the Ecliptic is from the 
lame : And therefore the aforeſaid Arc of the Equa- 
tor, the Meaſure of the Equation of the Time, is 
equa] to the Difference between the Right Aſcen- 
fron of the true Sun and the Diſtance of the mean 
Place of the Sun from the Vernal Equinox. But 
tis well known, that the Difference of any two 
| E e Quan- 
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Quantities A and B is equal to the Differenee be- 
tween A and any aſſum'd Quantity X, and to the 
Difference between this A and B together. Aſſu- 
ming therefore a third Arc, vz. the Diſtance of 
the true Place of the Sun from the Venal Equi- 
nox, the Arc meaſuring the Equation of Time 
will be the Sum of the two Arcs, one of which 
is the Difference between the Right Aſcenſion of 
the Sun and its true Place in the Ecliptic, the o- 
ther the Difference between the true and the mean 
Motion of the Sun. But ſometimes it happens, 
that the Difference of the two Quantities is equal 
to the Sum of them taken fimply ; namely, when 
the one is negative and the other poſitive : 'There- 
tore an Arc to be converted into 'Time, to pro- 
duce the Equation of Time, is always the Sum or 
Difference of two Arcs, one of which is the Dit. 
ference of the true Motion of the Sun and its 
Right Aſcenſion, and the other is the Difference 
of the true and mean Motion of the Sun. 

But becauſe this Arc conſiſts of two Parts, we 
will conſider them feparately. And firſt let us 
abſtracHrom the unequal Motion of the Sun un- 
der the Ecliptic ; that is, let us conſider it a little 
while as equal ; and therefore the Motion of the 
imaginary Sun in the Equator will be equal to 
the Motion of the true Sun in the Ecliptic, or 

the true and imaginary Sun will be equally di- 
ſtant from both Equinoxes. And becauſe in the 
firſt Quadrant of the Ecliptic, or from the begin- 
ning of V to the beginning of , the Diſtance 
of the Sun from the beginning of V is greater than 
its Right Aſcenſion 5 the imaginary Sun will be 
farther | diſtant from the beginning of V toward 
the Eaſt, than is the Right Aſcenſion of the true 
Sun, and therefore the true Sun arrives at thc 
Meridian ſooner than the imaginary, becauſe more 


to the Weſt ; that is, the apparent Time . 
* 55 
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the mean: hereupon, when the Sun is in the firſt 
Quadrant of the Ecliptic, that Part of the Equa- 
tion of Time, which is the Difference of the true 
Motion of the Sun and its Right Aſcenſion, turn'd 
into Time, is to be ſubſtracted from the apparent, 
to make the mean or equable Time. But when 
the Sun is in the ſecond Quadrant of the Eclip- 
tic, its Right Aſcenſion is greater than the Di- 
ſtance of the Sun from the beginning of Y, (be- 
cauſe the Complement of the Right Aſcenſion to 
a Semi- circle is leſs than the Diſtance of the Sun 
from the beginning of = ;) and therefore the 
imaginary Sun (which, by ſuppoſition, is as far 
diſtant in the Equator from the beginning of Y, 
as the true Sun in the Ecliptic is diſtant from the 
ſame) is leſs diſtant from the beginning of V than 
the true Sun ; and conſequently arrives at the 
Meridian ſooner, and therefore the mean Noon 
precedes the apparent; that is, the mean Time 
reckons twelve Hours, when the apparent does 
not yet reckon ſo many, tho? it be the ſame Mo- 
ment, but differently call'd. And therefore in 
this Caſe, when the Sun is in the ſecond Qua- 


drant of the Ecliptic, this Part of the Equation of 


Time (which ariſes from the Obliquity of the 


Way of the Sun to the Equator, and is the Diffe- 


rence between the Sun's Motion and its Right 
Aſcenſion turn'd into Time) is to be added to the 
apparent, to make the mean Time, or to be ſub- 
ſtracted from the mean to make the apparent. 
But if the Sun be in the third Quadrant of the Eclip- 
tic, the ſame is to be done as if it were in the firſt; 
for here the Diſtance of the Sun from the begin- 
ning of Vis greater than its Right Aſcenſion, as 
in the firſt: And the Sun being in the fourth 
Quarter, the ſame holds as to this Part of the E- 
quation of Time as if it were in the ſecond, and 
for the ſame Reaſons. 1 

2 2 Let 
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Let us next conſider the Inequality of natural 
Days ariſing from the unequal Motion of the Sun 
in the Ecliptic, or the Equation of Time ariſing 
from thence, lying aſide a little while the Obli- 
quity of the Ecliptic ; that is, conſidering the 
Sun as mov'd after the like manner, and with the 
ſame Celerity in the Equator as it is found really 
to move in the Ecliptic, and that thefe two Suns 
the true and imaginary, left the Apogæum toge- 
ther. And ſince the imaginary one moves with 
the mean Motion, it muſt go before the true one, 
while it goes forward from the Apogæum to the 
Perigæum; that is, the imaginary one is more to 
the Eaſt than the true one: The true one there- 
fore arrives at the Meridian fooner ; therefore 
the apparent Noon precedes the mean. And 
the Difference between the Places of the true and 
imaginary Sun, or between the true and mean 
Motion of the Sun, converted into Time, is the 
Equation of the Time ariſing from this Inequality 
of the Sun's Motion: This Equation therefore, 
while the Sun goes from the Apogæum towards 
the Perigæum, or (in the Language of an Aſtro- 
nomer, ) in the firſt ſix Signs of the Anomaly, is 
to be ſubſtracted from the apparent Time to pro- 
duce the mean, or added to the mean to produce 
the apparent out of it. In the Perigæum the true 
Sun overtakes the imaginary, and from thence to 
the Apogæum is more to the Eats The imagi- 
nary one therefore in all this Time, namely in the 
fix laſt Signs of the Anomaly, arrives at the Me- 
ridian ſooner ; that is, the mean Noon precedes 
the apparent Noon, by as much as the Arc be- 
tween the imaginary and true Sun ſpends in paſ- 
fing by the Meridian ; that is, as much as that 
Arc, viz. the Difference between the mean and 
true Motion of the Sun converted into Time 
makes. This Part of the Equation of Time _ 
Ry” 4 . 
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fore in the preſent Caſe is to be added to the ap- 


parent Time to make the mean, or to be ſub- 
ſtracted from the mean to make the apparent. 
And when both theſe Cauſes of the Equation 
of Time hold, (as they really do) both theſe Things 
are to be done; that is, to equate the Time, you 
muſt conſider the Sun two Ways, viz. both in 
what Quadrant of the Ecliptic it is in, that one 


Part of the Equation may be added to or ſubſtra- 


Qed from the apparent, as was ſaid before; and 
in what Semi-circle of Anomaly, that the Part 
depending upon that, may be added, or ſubſtra- 
ed according as the Nature of it requires. And 
on this account it is, that the Equation of natural 


Days (which, from what has been ſaid above, ab- 


ſolutely ſpeaking, is the Difference of the mean 
Place and the Right Aſcenſion of the Sun's true 
Place turn'd into Time) is made up of two Parts. 
And becauſe the Vernal Equinox and Apogæum 


of the. Sun, the Heads or Beginnings of theſe 


Parts, don't always keep the ſame Poſition to one 
another, but the former being carried towards the 


' Weſt leaves the latter, (as was ſhewn in B. 1.) it 


comes to pals, that the (abſqlute and only) Equa- 
tion of Time made up of theſe is not perpetual, 
but uſeleſs in a few Years, the Sun not poſſeſſing 
the ſame Degree of the Anomaly, or the ſame ſi- 
tuation in reſpect of the Apſides, when it returns 
to the ſame Point of the Ecliptic. / 


Ptolemy expreſly demonſtrates the above-men-- 


tion'd Equation of Time, Chap. 10. B. g. of Great 
Conſtruct. notwithſtanding Vendeliue and others have 
ſaid that it is all uſeleſs, and uſe the apparent and 
mean Time promiſcuouſly. Kepler on the contrary 
ſuſpected a third Cauſe ofequating the Time, ariſing 
from the diurnal Motion of the Earth's not being 


entirely equable, but ſometimes quicker, ſometimes 


Bower, according as it is more or leſs diſtant 
e from 
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from the Sun, the original of its Motion; and 
calls the Part of the Equation depending upon it, 
the Phyſical Part, leaving the Name of the Demon- 


ſtrative to the other deſcrib'd above, which is 


made up of two Parts. Tycho alſo had a ſuſpicion 
of the Acceleration or Retardation of the J irſt Mo- 
tion,) and was for ballancing the other Part of the 
Equation depending upon the Sun's Anomaly, by 
means of .it ; for he only made uſe of the other 
ariſing from the Obliquity of the Ecliptic, which 
he calls the Empyric, becauſe it would ſuffice for 
the finding by Calculation the Eclipſes he had ob- 
ſerv'd. But Street thought this Inequality of the 
Firſt Motion, to be ſufficient for the making uſe 
of the Part neglected by Hobo, under a contrary 
Title, as he has put it in his Agronomia Carolina. 


P-xoPOSL TION XVIII. 


O correct the Place of the Sun, ſeen from the 
Earth, feand by Prop. 16. 


If the given Time is the mean, the Place found 


needs no Correction; for it is hitherto the true. 
But if otherwiſe, let the apparent given Time be 
converted into the mean (by the preced. Prop.) by 
taking the Place of the Sun found above, Prop. 16. 
as accurate: (For that Place of the Sun is really 
accurate enough for the determining the Equation 
of Time, ſince it continues very nearly the ſame, 
whether the Place of the Sun be that which is 
found above, or the true and moſt correct:) And 
to this mean, again (by the ſaid 16th Prop.) find the 


Sun's Place, and the Place thus found will be the 


correct and accurate one. For the mean Time 
only is fit for Aſtronomic uſes, on which account 
it is call'd the Aſtronomic Times; this therefore 
ſhould be made uſe of: But to determine the 
mean when the apparent is given, the Sun's Place 
is neceſſary; and therefore was firſt to be found, 


by 
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by uſing the apparent Time, as if it were the 
mean, to find the Equation of the Time. But this 


once found, and the apparent Time reduced to 


the Aſtrenemis, ſeek for that Time (which is the 
ſame with the Moment propoſed, but expreſs*d 
a Number fitted for an entrance into the Ta- 
bles) the Sun's Place (by the ſame Prop. 1 6.) and 
the Diſtance of the Earth from the Sun, which 
is evidently the true and correct one. 
The converſeofthis Problem may be conſtrued 
much after the ſame manner, and the Time may 
be found, when the Sun ſeen from the Earth will 


be in a given Place. 


4 5 
* x 1 ; N 


SECTION: Uh: 


Of determining the Orbits of the reſt of 


the Primary Planets, and compoſing the 
Theory of them ſeen both from the Sun 


and the Earth. 


K vl dts 1 

O determine by Obſervation the Poſition of 

the Line of the Nodes of a Planetary Orbit, 

and the Diſtance of the Planet it ſelf, when in the 
Node, from the Sun. | Fig. 20.] 

In the two Figures fitted to the two Caſes of a 

ſuperior and an inferior Planet, let 5 repreſent 

the Sun; Tf the Orbit of the Earth, whoſe Fo- 


cus is S; Nu the Line of the Nodes of the Planet 


propoſed. And firſt let the Earth be in 72, 
and from thence let the Planet be obſerv'd when 


in the Ecliptic, and therefore in its Node, ſup- 


poſe P: For the Planet will never be ſeen in the 
Ecliptic from the Earth, being in the Plane of 


the Ecliptic, unleſs when it is alſo in the Plane of 


6 the 
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the Ecliptic. After an entire Revolution, let the 
Planet be obſerv'd in the ſame Node, when the 
Earth arrives at 7. Let the right Lines & , Pr, 
be imagin'd to be drawn, as alſo St, PT inter- 
ſecting one another in the Point X. In the Tri- 
angle ST X there are given the Angles 7 Ft by the 
Theory of the Earth and Time between the Ob- 
ſervations, and ST P the obſerv'd Elongation of 


the Planet from the Sun, and the fide ST the | 
Piſtance of the Earth from the Sun in the former 


Obſervation. Therefore S is found; and ſo Xt, 
fince St the Diſtance of the Earth from the Sun 
inthe ſecond Obſervat ion is alſo given: Again, in 
the Triangle 7 XP the Angle 7 XP equal to the 
Angle T & in the former is given, and the Angle 
$7 the Elongation of the Planet from the Sun in 
the ſecond Obſervation, and the fide X lately 
found; and conſequently the fide P; will be found. 
Laſtly, in the Triangle SF P, the ſides 1 S, 1 
being given, together with the contain'd Angle 
Pt S, H the Diſtance of a Planet in a Node from 
the Sun will be found, and the Angle SD that the 
Centric Place (or that ſeen from the Sun) con- 
tains with £7 given by Poſition, namely, the place 
of the Earth ſeen from the Sun at the Time of the 
ſecond Obſervation ; and the Oppoſition to this is 
the Centric place of the other Node; that is, the 
Poſition of the Line of the Nodes Ny. 

By this means the. Motion of the Nodes of the 
Orbs of the primary Planets will be determin'd, 


by comparing the place of the Node of each Pla- 


net found out by the Obſervations of the Ancients, 
with theplace of the ſame determin'd by the Ob- 
ſervations of the Moderns. © 

After the like manner, if a Planet be obſerv'd 
twice in any other Point of its Orbit from the 
Earth, the place of the Planet ſeen from the Sun 
and its Diſtance from the Sun are determin'd. 
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PROPOSITION XX, 
O define by obſervation the Inclination of any 
T Planetary Orbit to the Plane of the Ecliptic. 
Let & repreſent the Sun; the Circle NBA 
Fig. 21.] the Ecliptic among the Fix'd Stars; 
and N An the Path of the propoſed Planet, ſeen 
from the Sun among them : And the right Line 


Ven will be the Line of the Nodes known by Po- 
ftion, (by the preced. Prop.) Whenever the Earth 


arrives at the ſaid Line of the Nodes, which it 


does twice a Year,the Time of which(by Prop. 18.) 
is known ; let the Geocentric Place A of the Pla- 
net P be obſerved (by Prop. 2. B. 2.) whoſe La- 
titude is A an Arc perpendicular to the Ecliptic, 
and Longitude YB. Now becauſe the Longitude 
of the Sun Y N is known, the Difference alſo of 
theſe Longitudes N B will be known. In the 
Spherical Triangle A NMB, right-angled at B, the 
vides AB, NB are given; and therefore the An- 
ve ANB, the meaſure of the Inclination of the 
Plane NAn of the Orbit of the Planet to the 
Pane of the Ecliptic NB will be known. 


PrxoPOSITION AXI. 
"Rom the obſervation of a Planet in Oppoſition or 
Conjunction with the Sun, to get away its Second 
Inequality and find its Diſtance from the Sun. 
Beſides the true Inequality in the Motions of 


tc Planets viſible to an Eye in the Sun, placed in 


te common Focus of all the Orbits, there is ano- 
ther Optical one, ariſing from the Annual Moti- 
01 of the Earth, relating to us living on the ſame. 
The former, which -is proper to the Planets, is 
called by a name proper enough, the Firſt Inequa- 
'/!y but the other is ſecondary, as it were to the 
Planet, and therefore juſtly called by Aſtrono- 
wers the Second Jnequality: And he is ſaid to get 
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it away, who ſhews that Place of a Planet, which 

an Obſerver would ſee from the Sun. Let & (in 
Fig. 22.) repreſent the Sun, T the Earth, P the F. 
Planet in its Orbit, N the Ecliptic among the to 
Fix'd Stars, NA the interſection of the Orbit of MW Diane 
the Planet with the Sphere of the Fix'd Stars; N Let 1 
the Node: And ſeeing the Sun is in the Plane of MW Line ol 
the Orbit of each Planet, the right Line SN will With th 
be the Line of the Nodes. Let the Earth T beſecn Wot the 
from the Sun among the Fix'd Stars at B, and the {thc Plat 
Planet Pat A And becauſe the Planet is either tte Plat 
in Oppoſition to the Sun, (as in Fig. 1ſt) or in From P 


Conjunction with it (as in the 24 ;) the Arc of WI», a. 
the great Circle connecting the Points A and B, fm N 
is the Arc of the Circle of Latitude, and conſe- MM 7crpend 
quently perpendicular to the Ecliptic. And in the Mie Pla! 
Spherical right-angled Triangle AB N there are the! 
given the Angle ANB the meaſure of the Incli- Wſ'7pcnd 
nation of the Plane of the Orbit of the Planet to WI viich 1 
the Ecliptic, (found by the preced. Prop.) and the Angle C 
fide BN, namely the Inclination of the right f!ancs 0 
Line T given (by the Theory of the Earth) tie. 
by Poſition to S & the Line of the Nodes found i H, anc 
by Poſition (by Prop. 19.) Therefore there will Nu the 
be known the Side AB, the Centric Latitude of lervatior 
the Planet, and A N the Diſtance of the Planet inet fr 
in its Orbit, ſeen from the Sun, from the Node comp 
N, which is to get away the Second Inequality Ie Side: 
of the Planet. Moreover in the rectilineal Tri- come 
angle P ST there are given S from the The- angled a 
ory of the Earth, and the Angle P T'S the La- ent!) 
titude of the Planet by obſervation, or its com- 175 
an 4 


plement to a Semicircle, and the Angle PS 7 


the Centric Latitude of a Planet found above; NI of the 
wherefore PS and P the Diſtances of the Pla- Prep. 20. 
net from the Sun and Earth will be known. own. I 
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PROPOSITION XXII. 


Tany ſingle obſervation of a Planet whatever, 
to clear it of its Second Inequality, and find its 
Diftance from the Sun. 70 

Let the Planet P (in Fig. 23.) be obſerved, the 
Line of whoſe Nodes is Ns, from the Earth 2, 
with the apparent Latitude PTB. Let the Plane 
of the apparent Latitude be produced, till it cuts 
the Plane of the Orbit of the Planet in PN, and 
the Plane of the Ecliptic in the right Line BTN. 
From P let fall PB perpendicular to the right Line 
NB, and from T erect 20 perpendicular to the 
ſame NB, which (by Prop. 38. EL. 11.) will be 
perpendicular to the Plane of the Ecliptic,becauſe 
the Plane of the Latitude P NB is perpendicular 
to the Plane of the Ecliptic.From T let fall TE 
perpendicular to the right Line NS; and join OE, 
which is perpendicular to the ſame NS; and the 
Angle OET will be equal to the Inclination of the 
Planes of the Orbit of the Planet and of the E- 
liptic. In the Triangle NSZ, are given the Side 
H, and Angle TSN, by the Theory of the Earth 
ind the known Place of the Node, and by ob- 
frvation the Angle N, the Elongation of the 
Planet from the Sun computed in the Ecliptic, or 
's complement to two right Angles ; therefore 
the Sides TN and NS, and the Angle TNS will 
become known. In the Triangle TEN right- 
angled at E, NT and TNE are given; and con- 
quently TE. In the Triangle OTE right-angled 
« T,there are given T the Side found juſt now, 
and TEO the Inclination of the Planes of the Or- 
vt of the Planet and of the Ecliptic, known by 
Prob. 20. of this Book; therefore OT will become 
non. In theTriangleOT Nright angled at Z, there 
ire given OT and TN found before ; and there- 
ore the Angle O NT alſo. In the firſt Triangle 

| P NS, 


wot | | Book 
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PNT, there are given NT, and the Angle T be its I 
alſo PT N the apparent Latitude of the Plane obſerved 
known by Obſervation, or its complement to tip ceared 
right Angles ; therefore NP will be known. lM Ccntric 

the Triangle NPB rightrangled at B, the side te Equ 
NP and Angle PN lately found being given, ppſMecſion « 
and NB will be found. In the Triangle B NSW nean w! 
NB and NS and the Angle B Ns being given, W?lanct, 

NSB the Centric Longitude of the Planet com rice giv 
puted from its Node, and the Side S B will betty ot 3 
known. Then in the Triangle PBS rigbt-angle dſtant 
at B, PB, BS being known, PS the Diſtance Error m 
the Planet from the Sun will be known, and they 2 gre 
Angle PSB its Centric Latitude. Laſtly, in the Error o 
Triangle P NS all the Sides being given, the itted, t 
Angle NS is known, the Centric Diſtance of Wind exp 
the Planet in its Orbit, computed from the Line vhich m 
of Nedes given by Poſition (by Prop. 19.) in net tuo 
Orbit. The Second Inequality of the Planet there. NM poſtion 

fore is got rid of, and its Place ſeen from the Suben it ! 
is determined: And beſides the Diſtance of tb [Lime be 
Planet from the Sun is found in the Parts of the between 
mean Diſtance of the Earth from the Sun, which etucen 
is taken for the meaſure, . If the P 
2p In the N 
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PROPHOSTTION XXIII. 


O define the Periodic time of any Planet aluit 
the Sun. | 

Let the Planet propoſed be obſerved in the 
Node (as was done in Prop. 19.) and again, whe 
it returns next to the ſame Node: The Time be- 
tween theſe Obſervations is very nearly the Peri- 
odic Time of the Planet ſought. For fince the 
Lines of the Nodes are (by Prop. 4.3. B. 1.) almoſt 
at reſt, when a Planet has deſcribed its whole Or- 

bit, jr returns to the ſame Node, & vice verſa. 


The 
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ook III The Period of a Planet is determined not oni 
Ay che obſervation of it twice in the ſame Node, 
le 2% but its Periodic Time will become evident, if it be 
le Plane obſerved twice in any other Point of its Orbit, 
nt to twp cleared of the Second Inequality... But if the 
»wn. Inf Centric Place of the Planet be computed from 
the side the Equinoxes, regard muſt be had to the Pre- 
riven, eon of the Equinoctial Points made in the 
le B NS, nean while. In defining the Periodic Times of a 
g given Planet, it will be proper to make uſe of that Ad- 
net com. rice given, in determining exactly the Quan- 


B will betty of a Tropical Year ; namely to take the moſt 
2t-angled iſ ciſtant Obſervations that can be had, that the 
iſtance of Error may be inſenſible, the Diviſion being made 
„ and tte a great Number of Revolutions. And that an 
Ly, in the Error of an entire Revolution may not be com- 


ven, tie nitted, the knowledge of a Period near the Truth, 
iſtance g nd expreſſed by a round Number will ſuffice, 


the Line viich may be had, if in one Revolution of a Pla- 
19.) in iſ ict two or more Centric Places be {ought in Op- 
net there · N poſtion or Conjunction with the Sun, (namely 
n the Sun ben it has no Second Inequality) and the Periodic 


Time be taken in that Ratio to the Time elapſed 
between any two Obſervations, as the diſtance 
betycen the Centric Places is to an entire Circle. 
It the Planet ſhould not happen to be obſerved 
n the Node it felf, or in the Oppoſition with the 
dun it ſelf, (Which generally happens ;) then that 
Moment is determined by Obſervations made be- 
bre and afterwards. If the Period of a Planet 
be taken far that ſpace of Time,wherein the Cen- 
ric Place of a Planet becomes the ſame again in 
be Mundane Space or between the Fix'd Stars 


ce of the 
ts of the 
m, which 


anet abit 


d in the 
ain, when 
'Time be- 


the Peri- Nit was before; tho? accurately ſpeaking, there 
ſince the no ſuch Period at all, ſuppoſing the Nodes 
x.) almoſt ore; that is, that the Planes of the Orbits 
Hole Or- Memſelves change; notwithſtanding, if this Pe- 


od be different from the Period define dabove, 
it 


e verſa. 
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it may be defined (conſidered in regard of Longi. 
tudd) by the help of the Obſervations made 5 
the preced. Prop. when the Centric Place of the 


Planet is near the ſame Fix'd Stars. 


PROPOSITION XXIV. 


No find the length of the greater Avis of tl; 


Orbit of any Primary Planet. 

We have hitherto defined the ſituation of the 
Planes of the Orbits of the Planets to one ang. 
ther : We now come to deſcribe the Orbits them- 
ſelves in thePlanes thus defined. Which we ſhall do 
{ſeveral Ways, that this or that may be uſed accord. 
ing as the Obſervations are, and the one may cor- 
rect the other; and that the Orbits determined 
by all or ſeveral of theſe ways tending to oneand 
the ſame thing, may be eſteemed more accurate, 
And firſt we ſhall ſhew how their greater Axe 
may be determined. The greater Axis of the Oi. 
bit of any primary Planet, is to be taken to the 
greater Axis of the Orbit of the Earth in the ſub- 
teſquiplicate Ratio of the Periodic time of the 
propoſed Planet, (found by the preced. Prop.) to 
the Periodic time of the Earth about the Sun, de- 
termined by Prop. 13. For then the Cubes of the 
greater Axes of the Orbit of the Planet and of 
the Earth, will be as the Squares of the Periodic 
Times of thoſe Bodies about the Sun, which has 
been demonſtrated (in Prop. 40. B. 1.) to hold in 
Bodies revolving about the ſame Center, and act- 
ed upon by a Centripetal Force, which is rec: 
procally proportional to the ſquare of the diſtance 
from that Center: And that this is the condition 
of the Primary Planets revolving about the Sun, 
has been ſhewn in Prop. 42. B. 1. 
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PRO PYOSIT ION XXV. 

AF Hree Centric Places of a Planet and its Peri- 
odic Time being given, to deſcribe its Orbit, 
and find the moment of Time when the Planet was 

in the Apbelton. | ; | 
After the ſame manner as in Prop. 14. three 
Places of the Earth ſeen from the Sun (that is, 
Centric Places of the Earth) being given, together 
with the Periodic time, the Species of the Orbit 
of the Earth, and the Poſition of the Line of the 
Apſides is determined; the ſame may be done by 
the help of the ſame like Data in the Planet pro- 
poſed, and the Orbit thus deſcribed, may be cor- 
rected by the Method pointed at in Prop. 15. And 
as the Orbit of the Earth is deſcribed in the 
Plane of the Ecliptic, determined before (in Prop. 
19. B. 2.) ſo the Plane of the Orbit of the Pla- 
net propoſed, wherein its Orbit is is to be deſcri- 
bed, is determined (by Prop. 19. and 20.) More- 
over, the Ratio of the greater Axes of the ſame 
Orbits is found from the Periodic Times of the 
Earth and Planet (by the preced. Prop.) The mag- 
nitude of the Orbit of the Planet will be had from 
the aſſumption of the greater Axe of the Earth's 
Orbit (or its half, the mean Diſtance of the 
Earth from the Sun:) The Orbit of the Planet 
therefore is wholly. determined. And the Time 
when the Planet was in, the Aphelion, is deter- 
min'd after the ſame manner, as the like was 

done Prop. 14. in the Earth. ; | ; 
Becauſe the Species of the Elliptic Orbit of the 
Planer is only determined from theſe Data, (as is 
evident from Prop. 14.) and the magnitude of the 


Orbit in reſpect of the Orbit of the Earth is con- 


cluded by the preced. Prop. from the compariſon 
ct the Periodic Times of theſe Planets ; the ſame 


may be interred other ways ; 47%. by making an 


Orbit 
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Orbit of a certain Species (determined from three 
Centric Places) deſcribed about the Sun in 2 
Focus, to paſs thro' the very Place of the Planet 
in the Line of the Nodes, found by the 190 
Prop. of this: For this Point given in the Orbit 
of the Planet, ſerves as well in the determinin 
its Magnitude in reſpect of the Magnitude of the 
Orbit of the Earth, as its greater Axis defined 
above : For the diſtance of that Point from the 
Sun is determined in the Parts of the Lines of 
the Earth's Orbit ; and any one of theſe ways 
of deſcribing the Orbit, may be examined and 
corrected by the other. 
- And from hence may the Motion of the Ay. 
ſides of any Primary Planet be defined; namely 
the ſame way as the Motion of the Nodes was 
before. 
PRoPoOsSITION XXVI LE N MA. 
HE Focus and length of the greater Axis 
being given, to deſcribe an Ellipſe paſſing 
thro two given Points. | 
Let Sin Fig. 24. | be the Focus of the Figure 
to be deſcribed, AP the length of the greater 
Axis, and L and / the two Points thro' which the 
Ellipſe muſt paſs. From the Center L, at a di- 
ſtance equal to the exceſs of the right Line 4 
above the right L S, let a Circle CF be deſcribed ; 
and after the like manner from the Center , 
with a diſtance equal to the exceſs of the right 
Line AP above 18, defcribe a Circle RF cut- 
ting the former in F; and F will be one Focus 
of the Ellipſe which is to be deſcribed : Confe- 
quently an Ellipſe deſcribed about the Foci & and 
F, having its greater Axis equal to the right Line 
AP, will be the Ellipſe ſought. For ſince LF 1s 
equal to AP—LS, LS+LF will be equal to 
AP. After the ſame manner AP is equal to 
{$+1] PF; Conſequently (by Prop. 52. B. 3. of 
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n three WM Onics,) an Ellipſe deſcrib'd with the Foe & and 
n in a F, having the greater Axis equal to the right Line 
Planer 4P, will paſs'thro* the Points Land J. 
1e 190 "IM cit) from ſuch a Geometrical Conſtruction 
e Orbit Tas this to invent a Method of Calculation ſuitable 
mining to Aſtronomy. For three Points 8, L and / be- 
e of the ing given, that is, the three ſides of the Triangle 
defined 8 7, being known, the Angles become known: 
om the Apain in the Triangle LIF, all the fides are gi- 
Lines of ven; namely LI as before, LF the Difference 
le ways Wl of the given right Lines AP and L S, and I E, 
ted and the Difference of AP, IS; therefore the Angle 
F LI becomes known: But & LI was known be- 
the Ap- fore, therefore the Angle SLF will be given: 
namely Whence in the Triangle SL, LS, LF, with 
des was the Angle & LF being given, the ſide SF the Di- 
ſtance of the Foci, and the Angle LF, con- 
A tain'd under L& given by poſition, and the greater 
er Axis Axis, will be known zu this Axis therefore is gi- 
paſſiug ren in poſition ; and it is already given in Mag- 
4 nitude : From whence all that belongs to the El- 
2 Figure lipſe may be had. 8 
greater | 
hich the PrzoPosITION XXVII. 
at a di. WO Centric Places of a Planet and the Di- 
Ine AP ſtances from the Sun, together with its Perio- 
ſcribed ; WM i; Time, being gtven, to determine the Orbit of the 
enter 5 Planer, | EIS 
he right Let $ be the Sun; [Fig. 25.7] and let the two 
RF cut- N Centric places of the Planet given be in the right 
e Focus Lines S L, S/ given in poſition, and let the Pi- 
| Conſe. ſtances of the Planet from the Sun be the right 
ci Kand Lines SL, $1 given in Magnitude. Then L andi 
ES ae the Points thro' which the Ellipſe is to pals. 
ce 1 


Moreover, the periodic Time being known (by 
equal to p. 24.) PA the greater Axis of the Elliptic 
equal to Norbit is determin d. Whence deſcribe an Ellipſe 
B. 3. of (by Prop. preced.) whoſe Focus is &, having its 
Conics.) Wreater Axis of a given length, that may pals 

thro? 


85 r 


2 7 W - - 
- * 4 3 
6 — 5 n * SAG 3 8 
— — Tl 


* 1 
1 


Tbe ELEMENTS Book III 
434 Tb 5 s Book Ill. I B. 
thro' the given Points L and J. The Centric 


places of the Planet and its Diſtances from the Sun, 
either in Oppoſition or Conjunction with the Sun A 


are determin'd as in Prop. 21 ; or from an Oh. Prop 

ſervation made any where, as in Prop. 22. Ne. AS 

vertheleſs that may be aſſum'd, which is deter- gy 
0 


min'd by Prop. 19. when the ſituation of the Pla- 
net's Orbit in regard of the Ecliptic was defin'd, 
But if you have more than two Centric places with 
their correſponding Diſtances from the Sun, then 
their Orbit-being defin'd by any two, you muſt 
ſee whether they agree to it thus defin'd, and that 
is to be retain'd (if they diſagree ;) which is con- 
firm'd by moſt Obſervations, as is uſually done in 
all Aſtronomical Calculations. | 
 __PrRoPeosStTION XXVIII. LE MMA. 
NO the greater Avis AP of the Ellipſe ALP 
1 [E. 26.7] from the Focus S let a perpendi- 
cular 8 R be erected meeting the Fllipſe in R, tbr 
eobich let a right Line DR be drawn touching the 
Ellipſe, and meeting with the Axis A P produced in 
G, and from & let GF be drawn perpendicular totit 
Axis. Theſe things being premiſed, if from any 
Point L of the Ellipſe two right Lines LS, LE le 
drawn, one as LS to the aſſum'd Focus 8, aud the 
other LE perpendicular to FG ; I ſay, that LE 
25 to LS in the given Ratio of GP 10 GS. 
Thro' the Point L to the Axis AP draw the 
perpendicular L C meeting the Axis in C and the 
Tangent DR in D, and from P draw another 
Line PN parallel to it: And CD will be equal to 
the right Line SL (by Prop. 139. B. 4. of Gre 
St. Vincent) and PN to PS. But & C is to CD 
in a given Ratio, namely of & to PN; and 
therefore E L is to LS in the given Ratio of G 
toPN,or & P to PS. From hence it follows that 
G4 is to AS in the fame Ratio of @P to PS; 
- Which is a particular Caſe of this Propoſition, on 
a | 1 
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when the Point L taken at pleaſure coincides with 
A. And this is evident from hence, that (by 
Prop. 34. P. I. of Conics) RG being a Tangent, 
AS is to SP as AC to CP; from whence, b 
permutation and inverſion, & A is to AS as & 
to PS. This Propoſition holds alſo in the other 
Conic Sections. 
PROPOSITION AXNIX. . 
T O deſcribe an Ellipſe about a given Focus, that 
ſhall paſs thro three given Points. 
Let the Points given be L, I, a, (in Fig. 27.) 
and the Focus S. Join the right Line LJ, and 


produce it to F, ſo that LF be to IF, as SL to 


S]. Alſo join , and produce it to f, ſo that af 
be to /f, as $a to SJ. Join the right Line F/, 


and upon it, from L and & let fall the perpendi- 
culars LE, SG, and divide S in P, fo as EP 


may be to PS as LE to LS, and produce it to 
A, fo that & A be to AS in the ſame Ratio. 
Then if an Ellipſe be deſcrib'd having A and Pfor 
its Vertices and & for its Focus; that is, having 
its greater Axis PA, and its Latus rectum the Qua- 
druple of a right Line which is to SP as A to AP 
(by Prop. 54. B. 1. of Conics) it will paſs thro' the 
Points L, 4, and a. 

From / and >, let fall the perpendiculars Je, ae, 
upon FG. Since by Conſtruction LF is to I F as 
IL to S; LE will alſo be to Je (by reaſon of 
the Parallels LE, Ie) as SL to SI, or LE to SL 
3s Je to SJ. But by Conſtruction alſo & is to 
PS, and GA to AS, as LE to SL; and there- 
foreas GP is to PSſo is Je to SI. After the 
lame manner af is by Conſtruction to If (chat is, 
e to Je) as Sa to SI; and therefore as to Sa 
is (e to S; that is, as was juſt now demonſtra- 
ted, as) LE to SIL. Since therefore SL is to 
LE, alſo 57 to Je, and SA to Ae, as EP to PS, 
or CA to AS, and this is a property of the Ellipſe 
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demonſtrated in the preced. Lem. tis evident that 
the Points L, I, a, are in the Ellipſe, whoſe Po- 
cus is S, and extremes of the greater Axis or 
Vertices, are A and P. And from hence it is 
eaſy to be known, when. the Problem is impoſſi- 
ble, and when, inſtead of an Ellipſe, the Section 
will be a Parabola or Hy perbola. If a Calcula- 
tion familiar to Aſtronomers be requir'd, it may 
eaſily. be drawn from the preceding Conſtruction; 
for Inſtance, after the following manner. Since 
S is to S, as af is to I,; then by dividing $4 
to S as to if : But the three firſt Terms 
of the Proportion are given, becauſe the Points 
, I, a, are given; therefore the fourth If will 
be known. And after the like manner, becauſe 
SL:S1::LF: IF. By dividing SIL - I: I:: 
Ll: IF, and the three firſt Terms being given, 
the fourth Term will be known, viz. the right 
Line F. Moreover, the three ſides of the Tri- 
angle SIA being given, the Angle SI is given, 
and the three ſides of the Triangle SL / being 
known, S/L becomes known; therefore there is 
given both the Angle LI the Difference or Sum 
of them, and F/f Vertical to it. Therefore in 
the Triangle F/f, the ſides / F, I/ juſt found, 
being given, together with the contain'd Angle 
Ff; the Angle FIf will be found, and conle- 
quently Fe its Complement to a right one. But 
the Angle SI being known before, its Comple- 
ment S/ to two right ones will be known; there- 
fore the Sum or Difference e/s of the known An- 
gles SI, elf, will. be given, and conſequent!y 
JS its Complement (becauſe of the Parallels e 
G ) to two right ones; that is, the Inclination 
of the greater Axis to the right Line J, given in 
poſition. Beſides, in the Triangle fe / right- an- 
gled at e, all the Angles are given, together with 
the ſide 71; therefore e, or & Mis known, ſup- 
poſing M perpendicular to & S. In like manner 
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in the right-angled Triangle SM, the Angles 
and fide & being given, SM is given; and E 
is the Sum or Difference of & M, MS. Again, 
becauſe by the preced. Lem. el. IS:: & P. PS, by 
compounding e + IS. IS:: ES. SP, and the 
three firſt Terms of this Proportion being given, 
the fourth S P will be known : In like manner, 
becauſe el: (S:: & A AS, by dividing ei- 1d: 
:: & S: AS; from whence 40 becomes known: 
The Sum of PS, SA is the greater Axis. The 
other Focus of the Ellipſe is as far diſtant from 4, 


as Sis from P. The Foci and Vertices A and P 
being given, the reſt will not be unknown. 


PrxoPOSTTION XXX. 
HREE Centric Places of a Planet, aud the 
Diſtances from the Sun being given, to de- 
ſcribe its Elliptic Orbit. | | 
Let the Centric places of the Planet be given, 
and its correſponding Diſtances from the Sun, 
9/2. the right Lines SL, SI, $a, in Poſition and 
Magnitude [Fig. 28.] ſuppoſing S to be the Sun. 
By the preced. Prop. let an Ellipſe, whoſe Focus 
is S, be deſcrib'd or determin'd by Calculation, 


paſſing thro? the Points L, I, a. This will be the 


Orbit fought. 'The relation this has to the Orbit 
of the Earth is therefore known, becauſe the 
Magnitude of the Lines S L, SI, S is given, in 
the parts of the mean Diſtance from the Sun, and 
tie ſituation of the Plane of the Orbit in reſpect 
to the Plane of the Ecliptic, is ſuppoſed to be de- 
termin'd by Prop. 19. and 20. 

Upon this Propoſition depends the Method that 
Dr. Halley lays down, in the Philoſop. Tranſact. 
A. 1676. No 128, for determining theOrbits ofthe 
Planets, viz. if any Planet be obſerv'd thrice 
from the Earth in the ſame Point of its Orbit 
(which, when it may happen, is well enough 
known from its periodic Time nearly known) 
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there will be had three places of the Earth, ſeen 


from the Sun, and three correſponding Diſtances 
of the Earth from the Sun, expreſs'd in the parts 


of the Diſtance of the Planet from the Sun; and 


therefore the Orbit of the Earth it ſelf is deter- 
min'd by the preceding Prop. Which being 
known, if any Planet be obſerv'd twice from the 
Earth in the ſame Point of its Orbit, and conſe- 
quently (by Prop. 19.) its Centric Place and Di- 
ſtance from the Sun be determin'd, and this be 
repeated in two other Places of the ſame Planet; 
three Points of the Planet's Orbit will be had, b 

which together with one of the Foci (name! 

the Sun's place) being given, the Orbit it elf 


(by Prop. preced.) is determin'd. If the periodic 


Time be pretty exactly known, the ſame may be 
done by two Centric Places and Diſtances from 
the Sun being known, which may be gather 
by Prop. 27. trom twice two Obſervations of a 
Planet obſerv'd in the ſame two Points whatever 
they be: And by the ſame pains the place of the 
Nodes and the Inclination of the Orbit to the 
Ecliptic are determin'd by the 19*h and 20th Pro- 

poſitions. | 

PROPOSITION XXXI. LEMMA. 

* find the conjugate Diameters of an Ellipſc, 
| which paſſes thro five given Points. | Fig. 29. 
Let the five given Points that the Perimeter of 
the Ellipſe paſſes thro'-be N, M, L, K, I; a 
Diameter as FE of that Ellipſe is to be found, to- 
gether with its Conjugate T 7, in Magnitude and 
_ Poſition. Let right Lines be ſuppoſed to be drawn 
connecting the given Points, ſome two of which 
are either parallel, or no two of them are. This 
is eaſily ſeen ; for ſince the Points N. M. L, X. H 
are given, the right Lines that connect them all 
manner of ways are given, and the Angles con- 
tain'd between thoſe right Lines. If therefore 
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it be found that two Anples plac'd alternately, 
(for Inſtance KM H, MIN) are equal, it 
may be concluded that the two right Lines M K, 
N, in which the ſaid Angles are alternately 
plac'd, are parallel. | | 
CAs I. Suppoſe firſt, that there are two of 
them, as MK, NA parallel to one another. Let 
them be biſected in B and A, and let BA conne- 
&ing them, be produc'd, till it meets the Ellipſe 
in F and E; and it will be (by the Elements of 
Cmics) a Diameter of the Ellipſe, and (by 26. 
Dat.) given in Poſition ; becauſe paſſing thro? 
the given Points B and 4 Thro' L draw the 
Line LX, parallel to E F, meeting the Ellipſe in 
X, the right Line MX in D, and NH in C. 
And let the right Lines XK, LM connected, 
meet the right Line H N (if need be) produc'd 
in the Points P and . By Prop. 17. B. 3. Elem. 
Conic of Apollouius, the Rectangle XD L, is to 
the Rectangle MDX as Z Fꝗ to Z T4. And 
XC L: NCH: : Z Fd: 2 79. And therefore 
XDIL: MD :: XC L. NCH. But (as ſhall 
be ſhown hereafter,) X DL. MD K:: X CI. GOP. 
And therefore (by Prop. 9. Elem. 5.) the ReCtan- 
gle NCA is equal to the Rectangle & OP. But 
the Rectangle NCH is given, becauſe its ſides 
NC, CH are given; for the whole Line NH is 
given at firſt as well in Magnitude as Poſition, as 
alſo the right Line LC in Poſition (by 28. Dat.) 
wherefore (by 25. Dat.) the Point C will be gi- 
ven: So likewiſe will the right Line & C, ſince its 
extremes & and Care given: Therefore (by 57 
Dat.) CP is given in Magnitude: But it is a ſſo 


given in Poſition; therefore the Point P it ſelf is 


giren. And the Point K is given; therefore the 
right Line KP connecting thoſe Points is alſo 
given in Poſition, and conſequently (by 25. Dat.) 
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ven 


ſhewn above; that is, by (by 1 Dat.) in a f 
are 


in N But ĩts Poſition is given by 28 Dat. 
becauſe paſſing thro” the Point Z, which is in the 
middle of the right Line E given in Poſition and 
Magnitude, parallel to the right Line NH given 
in Poſition, Therefore the right Lines EF, 71 
are given in Poſition and Magnitude, viz. the 
conjugate Diameters of the Ellipſe, paſſing thro 
the fiye given Points N, M, L, X, H. 
Cas E II. But now let us ſuppoſe that the 
right Lines MH, N | Fig. 30. ] are not pag 
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lel, nor any other two : Therefore theſe Lines 
MH, NK (at leaſt produced) will interſect one 
another; for inſtance in the Point L, which will 
be given by 25 Dat. draw thro L the right Line 
LF parallel to MH, meeting the right Line NK 
in H which (by 28 and 25 Dar.) will alſo be 
given. And the Ratio of the Rectangle V to 
the Rectangle L 9) will be given; namely the 
fame (by Prop. 17. B. 3. of the Elem. of Con.) with 
that of the given Rectangle NIK to the given 
one MIH. But the Rectangle NgX is given, ſince 
its Sides NQ and K are given; and therefore 
the Rectangle Lis alſo given: From whence, 
ſince LQ is given by 57 Dat. the right Line & 
is given in magnitude; and alſo in Poſition, be- 
cauſe it is a parallel drawn thro? the given Point & 
to the right Line AH given in Poſition ; there- 
fore the Point Vit ſelf by 2) Dat. is given, ſince 
the Magnitude and Poſition of the right Line & V” 
and the other extremity & are given. Thus there» 
fore we come back to the former Caſe ; for there 
are given the five Points N, M, L, V, H, or M, L, 
K, V, H, thro* which the Ellipſe may paſs, and 
yet ſuch as the two right Lines LV MH may 
be parallel. By what has been ſaid therefore the 
conjugate Diameters of that Ellipſe may be found. 

E. F. | | | 
RE there be two right Lines & P, M K, parallel 
to one another, on which let the right Line XCD L 
Fig. 31.] fall, and from any Points X and L 
thereof draw any how the right Lines LMG, 
XPK meeting the parallels in M, G, PandK;1 
ſay, the Rectangle X DL, is to MDK as the 
Rectangle X CL to the reftangle G CP. 

The Ratio of the Rectangle X D to theRect- 
angle MD K (by Prop. 23. Elem. 6.) is compound- 
ed of the Ratio of XD to D, and of the Ratio 
of LD to DM; and the Ratio of the Regs 

: C 


* 
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XCL to the Rectangle & CP of the Ratios of 
XC ͤ to C and LC to CG. But becauſe of the 

Parallels MD K, EEP, XD is to DK:: xc 
CP; and LD. DM:: LC. CG. Since therefore 
the compounding Ratios are equal, the compound- 
ed Ratios will alſo be equal; that is, X DL to 
MD K, as XCL to GCP. ET 

F. both the Rectangles E AF, E BF are given, 
and alſo the Points A and B; the Points E and F 
are alſo given, if EABF be a right Line. 

For ſuppoſe the Rectangle BAC to be equal to 
the Rectangle EAF, and the Rectangle ABD equa 
to the Rectangle EBF: And therefore, ſince (b 
Hyp.)EAF and BAare given, AC (by 57 Dat.)is al- 
ſo given, AD will be given by reaſon of the for- 

mer reguality (by 16. Elem. 6.) FA. AB: AC. 
AE, and by Converſion of Ratios, FA. B F.: dc. 
CE. Again, by reaſon of the latter equality EB: 

5 D: AB BF, | Fig. 32.| and by compounding 
ED: BD::FA. BF. From whence (by Prop. 
11. EI. 5.) AC.CE::ED. BD: And therefore 
the Rectangle contained under AC and BD is e- 
qual to the Rectangle under CF, E D. But the 
Rectangle under AC and BD is given, (for both 

right Lines are given) therefore the Rectangle un- 
der CE, ED is alſo given. And becauſe this 
given Rectangle is applied to the given right 

Line CD, (compoſed of the Parts CA and AD 

which are given) and wants of a ſquare Figure, 

CF (by 58 Dat.) will be given; and conſequent- 

ly AE (by 4 Dat.) and becauſe the Rectangle 

E 4 F was given at firſt, the right Line AF will 

alſo be given; that is, the Points E and F will 
be given. 

PRO POSITION XXXII. LEMMA. 

# hp find the Foci and Vertices of an Ellipſe thatis 

to paſs thro five given Points, and conſequently 

ro deſcribe the Ellipſe paſſing thro the five — hints. 
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Pappus in Book 8. Math. Coll. propoſes and con- 
ſtructs this Prob. and the prec. for the uſe of Ar- 
chitects: vix. having a Portion of the Superficies 
of a right Cylinder given, that hasno part preſerved 
entire in the Circumferences of the Baſes, to find 
the thickneſs of the Cylinder. Theſe the Aſtro- 
nomers afterwards converted to their uſe. By 
the preced. Lemma find any two conjugate Dia- 
meters of the Ellipſe, that is to paſs thro” the five 
given Points, and let them be AB, CD biſecting 
one another in the Center E. Produce B A to H 
Fig. 3 3.] ſo as that the Rectangle EAH may be 
equal to the ſquare of DE; by which means (bx 
57. Dat.) EH is given. Let a perpendicular 
KL, be known from & the middle of EH, meet- 
ing with MAG; a right Line parallel to DC 
drawn thro? the Point A in the Point L, which 
conſequently is given on the account of the right 
Lines M, &, K, L, being given in Poſition. About 
the Center L thro' Eor H, draw a Circle inter- 
ſect ing the right Line MAG in M and &, whoſe 
Diameter M @ conſequently is given as well in 
Poſition (becauſe 'tis parallel thro' the given 
Point A to the right Line CD given in Poſition, 
as in Magnitude, (ſince it is double to the right 
Line connecting the given Points E and L) the 
right Lines GE, ME connecting them, are alſo 
given as well in Poſition as Magnitude. But their 
Poſition is the ſame with the Poſition of the Axes 
ſought : For ſince the Rectangle E AH (by 35. 
Elem. z.) is equal to the Rectangle MAG, and 
by conſtruction EAA equal to the ſquare of 
DE; E Da will be equal to M AG, or (by 17 
Prop. Elem. 6.) F D will be a mean proportional 
between MA and 4G ; and conſequently (by 
Prop.88.B. 3. of Greg. St. Vincent.)the Axes of the | 


Ellipſe deſcribed about the conjugate Diameters 


AB, CD ate in the right Lines EG, EM. And 
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ON. + Dat.) are given : and if the Axcs and 
- 3 N e IG are given, the. Ellipſe may be 
1 FENG 5 be 7 the u of Apollonits, 
£ d of annexing here t 
- A Calculation * 5 this 
For it is well known to 
DE 3 5 __ a. the help of Blip? 
> n o ealily be fo 
proceeding exactly 18 the: eee 
generally in a Trigonometrical manner, as it hap- 
— Dr Indeed the inveſtigation of any Pro- 
— y the help of Euclid's Data, is an univerſal 
Method of determining it, which was very fa- 
miliar * the Ancients. : 
ROPOSITION XXXIII. 

. r r Places of a Planet and the Diſtauces 
2 178 the Sun being given, to find its Orbit. 
1 preceding Propoſitions, while we were 
2 ining the Orbits of the Planets, we ſuppo- 
nothing, but what was agreeable to Obſervati- 

| ons 
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the Magnitude of the. Axes is thus expeditiouſly 
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ons exactly made as well as to the Phyſical Cauſes 
of their Motions demonſtrated in Book 1.: viz. 
that the Orbit of any Planet is an Ellipſe, one of 
whoſe Foci is the Sun at reſt, and that a Planet 
deſcribes it after ſuch a manner, as that its Area's 
or Sectors contained between right Lines. drawn 
to the Sun, and the Arcs of the Ellipſe, are pro- 
"tional to the Time wherein the ſaid Arcs are 
deſcribed by the Planet. For tho* we. have ſup- 
poſed in Prop. 14. with Ward, for a little while, 
that a Planet deſcribes its Orbit ſo, as that the an- 
gular Motion at the Focus of the Ellipſe in' which 
the Sun is not, is equable ; yet this was only done, 
becauſe in the Orbit of the Earth, which is not 


. very excentric, this Approximation to the equal 


deſcription of Areas by a Radius drawn to the 
Sun, may not be diſregarded, as was ſhewn in 
Prop. j. And we corrected the Orbit of the Earth 
defined according to that Hypotheſis, as much as 
we pleaſed in the following 15* Propoſition. But 
in this Propoſition we ſhall not ſo much as ſup- 
poſe that the Sun is placed in the Focus of any 
Orbit ; but ſhall deſcribe the Orbit by the help 
of five given Centric Places, and as many Di- 
ſtances from the Sun, independently of it: And 
by this means the truth of the preceding Prop. will 
appear clearer, ſince the Sun will be found to be 
placed in the common Focus of the Orbits thus 
deſcribed. 

The Centric Places of the Planet being given, 
the right Lines, wherein it is ſeen from the Sun, are 
alſo given in Poſition : Let them be SN, SM, SL, 
SK and SH; | Fig. 34.] and the correſponding 
Diſtances from the Sun being given, the Points 
MM, L, K, and H (by 27 Dat.) are given. Thro' 
theſe Points (by the help of the preceding Lemma) 
deſcribe an Ellipſe, and it will be the Orbit of the 
Planet ſought. And by the ſame Lemma the 
2 Vertices 


„ 


of the greater Axis, and the other 
required in the Orbit of the Planet. & E. F. 
PRO POSITION XXXIV. 


O determine the Centric Place and Diſtance of 
any propoſed Planet from the Sun at any gi. 


ven Time. 

The Plane of the Planets Orbit, the Poſition 
of the Line of the Apſides and the Species of the 
Planet's Orbit being determined, (by the preced. 
Prop.) that is, the Orbit it ſelf being deſcribed in 
its proper Situation about the Sun, ſuppoſe ALP 
i Fig. 35.]and the Moment being known (by Prop. 
25.) when the Planet was ſome time or other in 
the Apſides, alſo the Periodic 'Time of the Planer 
Cy Prop. 23.) the Time ſince it was laſt in the 
Apſides (v. g. 4.) will be known, or the Ratio 
of the ſaid Time to the whole Periodic 'Time will 
be known ; that is, by the Law of Motion of the 
Planets, demonſtrated in B. 1. ſuppoſing the Place 
of the Planet to be D, the Ratio of the Area ALS 
to the whole Ellipſe AL PA is known. Find there- 
fore the Angle ASL by Prop. 3, 4, 6, or 7. There- 
fore the right Line SL is given in Poſition, ſince 
it is inclined in a given Angle to PA the Line of 
the Apſides given in Poſition : As alſo in Magni- 
tude, by the fame Propoſitions, (ſince this is gi- 
ven in the Parts of the Aphelion diſtance of the 
Sun SA, which is defined above in the Parts of the 
Mean Diſtances of the Earth from the Sun, which 
is looked upon as the common meaſure of theſe 
Lines ;) that is, the Place of the Planet propoſed 
ſeen from the Sun, and its Diſtance from the 
ſame are given. | | 

And vice verſa the Time may be found when a 
Planet ſhall be in a given Heliocentric Place; by 


finding the mean Anomaly (by the preced. Prop.) 


from the coequated Anomaly given, to the former 
of which the Time is proportinal. P o- 
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PrROPOSITLON XXXV. 


4 a given Time to find the Geocentric Place of 
a Planet, as to Longitude and Latitude, and the 
Diftance of the Planet from the Earth. 

Find (by Prop. 18.) the Heliocentric Place of 
the Earth in its proper Orbit, at the Time given, 
and @y the preceding Prop.) the Heliocentric 
Place alſo of the Planet propoſed in its Orbit, with 
the reſpective Diſtances from the Sun. 

Let & (in Fig. 36.) repreſent the Sun,T the Place 
of the Earth in its Orbit, L the Place of the Pla- 
netin its Orbit. Let the right Line SN be the com- 
mon Interſe&ion of the Planes of theſe Orbits, 
which is extended thro” the Sun, (becaufe the Sun 
is in both Planes) and whoſe Poſition is given (by 
Prop. 19.) Beſides, the Place of the Earth T-be- 
ing given, the right Line ST and the Angle 
TSN in the Plane of the Ecliptic, are given; 
and the Place L of the Planet being given, the 
right Line S L and the Angle LS N, in the Plane 
of the Orbit of the Planet are given. Thro' L 
and S, and L and T, to draw the Planes of the 
Circles of Latitude perpendicular to the Plane of 
the Ecliptic, whoſe common Interſection being the 
right Line LE (by Prop. 19. Elem. 11.) is perpen- 
dicular to the Plane of the Ecliptic. Alſo in the 
Plane of the Planet's Orbit, draw the right Line 
LN perpendicular to & NM. and the Line EN 
(by the converſe of Prop. 11. Elem. 11.) will alſo 


be perpendicular to the ſame & N. 


In the Triangle S LN right-angled at N, 
SL and NSL are given; from whence the 
Side LN will be given. In the Triangle LEN 
right-angled at E, there are given the Side LN 
lately found, and the Angle LNE, which (by 
Def. 6. Elem. 11.) is equal to the Inclination of the 


Orbit of the Planet to the Eciptic, found by 
4 | Prop. 
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Prop. 20. LE and EN are therefore given. Be. 
Aides in the Triangle LES, right-angled at E, 
the ſides LE and LS are given; therefore the 
fide SE, the Curtate Diſtance of the Planet from the 
Sun is given. In the Triangle ESN, beſides 
the right Angle at N, there are given ES, ang 
EN found before; therefore the Angle ESN 
will be given, thr Heliocentric Longitude of the 
Planet computed in the Ecliptic from the Node 
N But the place of the Node in the Ecliptic is 
given'; wherefore the Heliocentric place of the 
Planet in the np will alſo be known. Again, 
in the Triangle TSE, TS is given at firſt, and 
SE was found juſt now; the Angle TSE is alſo 
given, equal to the Sum or Difference of the 
given Angles TSN, ESN, becauſe the three 
right Lines ST, SF, S N, are in the Plane of the 
Ecliptic, which is alſo call'd the Angle of Conmu- 
zation : And therefore all the reſt is given, name- 
ly, the Angles TES, calld, The Parallax of the 
Orbit, and STE the Elongation of the Planet from 
the Sun ; that is, the Poſition of the right Line 
TE, or the Geocentric place of the Planet in the 
Ecliptic, and TE the Magnitude of the ſame, 
_ Laſtly, in the Triangle TEL, right-angled at E, 
the ſides TE and E L are given; therefore TL 
the Diſtance of the Planet from the Earth, and 
the Angle LTE the Geocentric Latitude of the 
Planet will be known. 


SECTI- 


Of 1 


7 1- 
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he. 
— 


SECTION IV. 


Of the greateſt Elongation of the Planets 
from the Sun, their Direction, Station, 
and Retrogradation. | 


PROPOSITION XXXVI. | 

O determine the greateſt Elongation of a given 
Planet from the Sum, ſeen from a ſuperior one 
alſo given, and its Time. Et. 
Let $ be the Sun, 7 R the Orbit of a more re- 
mote Planet, | Fig. 3 .] VP of a nearer. Let 
the Radius SV of the nearer Planet be drawn any 
how, and VT perpendicular to it, meeting the 


more diſtant Orbit in T, which conſequently (by 


16. El. 3.) will touch the Circular Orbit P in 
V. The inferior Planet will be ſeen by the ſupe- 
rior in T, to be at its greateſt Elongation from 
the Sun in /: For a right Line drawn from any 
other Point (as 2) of the Orbit P to 7, will 
contain a leſſer Angle with T'S. Therefore in 
the Triangle TVS, right-angled at V, the Ratio 
of the Sides ST, SV (namely the Diſtances of 
the given Planets from the Sun) is given ; there- 
fore the other Angles TSP, STV are known, 
the latter of which is the greateſt Elongation of 
the Planet from the Sun, the other T SV is the 
Angle of Commutation or Heliocentric Diſtance 
of the Planets. Whenever therefore the Angle 
of Commutation, found juſt now, happens, it at 
the ſame time happens that the inferior Planet, 
ſeen from the ſuperior, is at its greateſt 7 longa= 

tion from the Sun. 2 
We have hitherto ſuppoſed the Orbits of both 
Planets to be Circular ; but if due regard be had 

G g to 
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to their Elliptic Figure, the Problem is ſolvable 
much after the ſame manner. For the Angle 
is given, that the right Line VT | Fig. 38. 

touching the Orbit, makes with the Radius 57 
inclin'd in an aſſum'd Angle to the Line of the 
Apſides; beſides SV is given in Magnitude, ſince 
its Inclination to the Diſtance of the Aphelion $, 
already given in Magnitude is known; and be- 
cauſe the Angles 4 Sa, a SV are known, and alſo 
the Angle YS, (very nearly equal to that, which 
would be were both Orbits circular; ) the Angle 
AST will alſo be known, and conſequently S7 
will be known in Magnitude ; from whence what 
remains is done as before. In this Caſe the greateſt 
Elongation changes according to the different 
Diftance of the Point / (where it is celebrated) 
from the Aphelion of its proper Orbit : Por it is 
greater (ceteris paribus) in a the Aphelion of 
the inferior, leſs in 7 the Perihelion, and a mean 
in the mean Longitude ; it is alſo various, the 
place V of the inferior one remaining the ſame, 
according as the ſuperior is ſituated in T or t. 


PrRoPoOSITION XXXVIIL 


A NY Primary Planet ſeen from any other Prima- 

ry, appears in ſome part of its Orbit, Stationary, 
in another Direct, and laſtly in another Retrograde. 

Let S be the Sun, | Fig. 39. | about which two 
Planets revolve from D thro? C towards B, and let 
PT be the Orbit of the nearer ; and ZR of the 
more diſtant ; and the Arcs deſcrib*d by them in 
equal ſpaces of Time let be AR, P B. Draw 
9R any how meeting the nearer Orbit in P. Be- 
tween & R and SP let SM be a Geometric Mean. 
Then (by Prop. 27. B 1.) the Velocity of the more 
diſtant Planet is to the Velocity of the nearer, a8 
SP to SM: But the ſpaces deſcrib'd by Bodies in 


Motion, in equal Times are as their Velocities; 
| and 


7 


K III. 
ſolvable 
Angle 
73. 38. 
jus SP, 
of the 
le, ſince 
lion . 
and he. 
and alſo 
„Which 
> Angle 
ly $7 
de What 
xreateſt 
ifferent 
drated) 
Or It is 
lion of 
a mean 
18, the 

ſame, 
of 4 


i ma- 
'onary, 
grade. 
ch two 
nd let 
f the 
em 1n 
Draw 

Be- 
Mean. 
more 
er, 49 
ies in 
ties; 

and 


Book III. f ASTRONO MY. A8t 

and therefore AR is to PB, as SM ; where- 
fore AR is leſs than PB. And it is plain that 
it is impoſſible for two parallel right Lines 
HAD, & Rg to be drawn thro' A and R, fo 
as that the Arc of the nearer Orbit intercepted by 
them, is equal to the Arc PB. For parallel 
right Lines may be ſo drawn, that as much as 
CD (equal to PB) is greater than AR, ſo much 
it may be more oblique, (and the Arc of the in- 
ferior Orbit is given, which is as oblique ro the 
parallels thro* A and R as you pleaſe,) that the 
Arc CD compenſating the greater length by its 
greater Obliquity, may touch both of the parallel 
right Lines in their Extremities. Which being 
ſuppoſed, if the Planets be found in ſuch a ſitua- 
tion in regard of one another as A and D are 
here; that is, if the Angle of Commutation at 
the Sun be equal to the Angle 45 D, (which, it 


is evident, it will be twice neceſſarily between the 


two next Conjunctions of the Planets propoſed 
ſeen from the Sun,) the one ſeen from the other 
all that ſpace of Time, would be referr'd to the 
ſame Fix*d Stars ; that is, it would appear Sta- 
tionary. For the ſuperior one at A is ſeen from 
the inferior at D, in the right Line DAH, and 
while the ſuperior ond is going to R, the inferior 
is going to C, (ſince by ſuppoſition DC is to AR 
as the Velocity of the Planet, which is nearer to 
the Sun, is to the Velocity of that more diſtant :) 
That therefore ſeen from this, in the Tight Line 
CR will be referr'd to the ſame place among the 
Fix'd Stars, to which it was before referr'd, ſince 


the Diſtance between the parallels DA, CR va- 


niſhes in compariſon with the Diſtance of the 


Fix'd Stars. And, for the ſame reaſon, the in- 


ferior Planet deſcribing the Arc D C view'd from 
the ſuperior, while it deſcribes the Arc AR in 


the ſame Time, will alſo appear Stationary. In 


Gg 2 me 
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like manner, if the Planet next the Sun be on 
the other ſide of the Point P, (in which being 
view'd from the Sun, it ſeems in Conjunction 
with the more diſtant Planet ; that is, in which 
the Sun and ſuperior Planet view'd from the in- 
ferior, are ſeen in oppoſition, and where the in- 
ferior Teen from the ſuperior appears in Conjun- 
ction with the Sun,) and as far diſtant from it, 
namely where the viſual Lines of any ſenſible Time 
are again parallel to one another, for Inſtance, at 
d, the one ſeen from the other will again appear 
Stationary. | | | 

I fay further, that before the inferior Planet 
arrives at the before-mention'd ſituation in re- 
ſpect of the ſuperior, that is, the ſuperior being 
in R, before the inferior arrives at D; the one 
ſeen from the other will appear to move in conſe- 
guentia. For let the Arc DF be taken equal to 
PB or DC, and join the right Lines FA, DR, 
and produce them both ways in KAFL and 


TR DL ; they will not be parallel, but diverge 


to wards the parts beyond RA (in refpect of the 

Sun,) but on this fide they will converge and 

concur ; for Inſtance, in the Point L, from 

whence they will again diverge. For fince (by 

ſuppoſition) DA, CR. are. parallel, and DF e- 

qual to CD, but more oblique to R D than CD 

is to RC ; *tis evident that DR, FA diverge on 

the other ſide of RA, and converge on this ſide 

of RA, viz. either behind D F, if it be in that 
part of the nearer Orbit that is turn'd towards R 

(as in the caſe of this Figure) or between RA 

and DF, if in that part which is turn'd from it. 
If now the inferior Planet being in F, the ſupe- 
rior one be in A, the latter view'd from the for- 
mer be ſeen in K. But the inferior being 
arrived at D, the ſuperior is got to R (by ſup- 
poſition) and is ſeen from it at J But for it to 
come 


iverge 


of the 
e and 
from 
e (by 
NF e- 
n CD 
ge on 
5 ſide 
1 that 
ds R 
1 RA 
om it. 
ſupe- 
for- 
being 
ſup- 
* It to 
come 


Book III. of AsrRONOMY, 453 
come from the ſituation of K to the ſituation of 7, 
is for it to come in conſequentia, or to be Direct; 
for any of the Planets ſeen from the Sun, move 
in conſequentia from 4 to R, or from D to C. 
Nay, even the inferior ſeen from the ſuperior 
at the ſame time ſeems Direct: For the inferior 


in F will be ſeen from the ſuperior A at &; and 


afterwards the inferior at D will be ſeen from the 
ſuperior in Rat . But to change place from x 
to 7, is alſo to tend in conſequentia; for the Sun 
ſeen from any Planet ſeems to move in conſequen- 
tia ; namely from & towards &, In like manner, 
after the Planet which is nearer to the Sun, has 
paſs'd the ſecond Station at d, it becomes direct 
again, and continues ſo till the inferior arrive 
again to a fituation in reſpec of the ſuperior, (as 
is D in regard of A;) which it will do after it has 
compleated an entire Revolution from the for- 
mer place D, and ſo much of another beſides, as 
is requiſite for it to recover the ſaid fituation again, 
in regard of the more diſtant Planet, that had in 
the mean time gone forwards. 

I ſay thirdly, that the one will appear Retro- 
grade to the other, after the Planet that is nearer 
to the Sun has got beyond the above deſcrib'd 
Boundary DC of the firſt Station, and has not 
arriv'd at the ſecond cd. Let CE be taken equal 
to PB, or DC; draw the right Lines CA, ER, 
and let them be produc'd both ways to O CA To, 
and NE Rn, which are not parallel, but di- 
verge towards the Parts CE, and converge to- 
wards AR, and being produc'd meet, for Inſtance 
in 7, becauſe by ſuppoſition DA, CR. are parallel, 
and CE is equal to a but leſs oblique towards 
RE than C 7 is towards RC. If now while the 
ſuperior Planet is in A, the inferior one be in C, 
this will be ſeen from that in O, and that vice 
verſa will be ſeen from this in 0: But when the 
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ſuperior one is got to R, and the inferior is 


found at E, this will be ſeen from this at n. But 


*tis evident, that for the Planet to ſeem to move 
from O to N, or from o to u, is to move contra- 
ry to the Order of the Signs; ſince from & to 

or from A to R is according to the Order of the 
Signs, viz. that wherein a primary Planet ſeen 
from the Sun, or vice verſa, the Sun ſeen from 


the primary one ſeems to tend. And this appa- 


rent Retrogradation of the ſuperior Planet ſeen 
from the inferior, or of the inferior from the ſu- 
perior one, continues from the Celebration of the 
firſt Station at DC, to the ſecond at cd. But by 
reaſon of the Motion of the more diſtant Planet, 
this ſecond Station is remov*d a little 71 en, 
tia, or beyond the Place cd here expreſs'd. 
therefore evident, that any primary Planet ſeen 
from another primary one in ſome part of its Or- 
bits is Direct, and in ſome part Retrograde; and 
laſtly, in ſome Stationary. & E. PD. 
Tis evident from the Demonſtration of this 


Propoſition, that a ſuperior Planet ſeen from an 


inferior one appears at the ſame time Direct, Sta- 
tionary, and Retrograde, and the inferior ſeen 


from that ſuperior one. 8 
| COROLLARY 2. 


7 


The more unequal the Ratio between the Or- 


bits of two Planets is, the nearer its place in the 
Orbit of the inferior one, in which the inferior 
one is found, while the one ſeen from the other 
appears Stationary, is to that Point of it, from 
which a right Line draun to the more diſtant Pla- 
net, touches the Orbit of the inferior one; that 


is, where the inferior ſeen from the ſuperior one 


(by Prop. 26.) appears in its greateſt Elongation 
from the Sun; and the Angle greater wherein 
the Sun and ſuperior Planet, ſeen ſrom the infe- 
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rior, ſeem to be diſtant from one another. For 
the greater the Ratio of & R to SP is, the grea- 
ter will the ſub- duplicate Ratio of the latter be, 
viz. the Ratio of RS to M&S; that is, (by Con- 
ſtruction) the Ratio of CD to RA. And 
therefore the Line CD muſt be more oblique 
to RC or A D, that DA, RC may become 
parallel; but it is evident that C D is ſo much 
the more oblique as it is nearer to the Point of 
the inferior Orbit, from whence a right Line 
drawn to R touches it. ee 2 
From hence it is, that to make Saturn Statio- 
nary there is need only of a ſmall Receſſion of the 
Earth from the Point of its Orbit, where a right 
Line- drawn to Saturn touches it, towards the 
Point where the Earth comes between the Sun 
and Saturn; to make Jupiter Stationary,” à grea- 
ter Receſſion from the Point of contact of the 


>» 


9h 
4 #4. >a * ; 


Orbit of the Earth, with a right Line touching 


it drawn to Jupiter; and to make Mars, the 
greateſt. Therefore Saturn is Stationary, when 


deing ſeen from the Earth it is diſtant a little 


more than a Quadrant from the Sun; that is, be- 
tween the Quartile and Trine Aſpect; Jupiter 
will appear Stationary almoſt in the Trine of the 
Sun; and Mars beyond the Trine. | 
Hence it is alſo that the Arc of the Orbit of 
Mercury intercepted between the Point where 
Mercury is ſeen from the Barth at its greateſt 
Elongation from the Sun, and the Point where 
its next Station is ſeen, ſubtends a leſs Angle at the 


Sun than the Arc of the Orbit of. Venus contains 


between its greateſt Elongation from the Sun and 
next Station: And therefore ſince it ſubtends 
both a leſs Angle at the Sun, and belongs to a leſs 
Circle, and beſides appears more obliquely to a 
Perſon on the Earth obſerving it, and is more 
diſtant from it ; *tis evident that the Stations of 

G g 4 Mercury 
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Mercury are much nearer to its greateſt Elonga- 
tions from the Sun than thoſe of Venus. 

| COROLLART Z. 

And from hence again it follows, that in reſpect 
of the ſame inferior, in two ſuperior Planets com. 
par d together; the farther off the Sun the ſupe- 
rior Planet is, the longer its Retrogradation con- 
tinues; for (by the preced. Corol.) it begins ſooner 
and ends later. But the Angle of Retrogradation 
is leſs, becauſe the Orbit of the given inferior 
Planet ſeen from the more diſtant ſuperior one 
appears under a leſs Angle, than if it were ſeen 
from a nearer : From this Prop. 37. tis evident, 
that the Angle of Retrogradation (contain'd be- 
tween two right Lines from the ſuperior Planet 
oppoſite to the Sun, to the Places of the inferior 
Orbit, where the one appears Stationary to the 
other) is almoſt equal to the Angle wherein the 
Orbit of the inferior one is ſeen from the ſuperior, 
ſince the above-mention'd Points of the Stations 
are not far from the Points of Contact. 

Hence it is, that the Retrogradation of Saturn 
ſeen from the Earth is longer, but the Arc of De- 
ſcription at that time is leſs than that of Jupiter; 
and that of Jupiterin like manner than that of Mars. 

= COROLLART 4 

But in reſpect of the ſame ſuperior, in two infe- 
rior Planets compar'd together ; the farther off the 
{uperior Planet is from the Sun, the longer is its 
Retrogradation and along a greater Arc. The 
former is evident from the preced. Coro, ſince the 
Retrogradation of two Planets is mutual, by Corol. I. 
The latter is evident from hence, that a Planet 
that is more diſtant from the Sun, while it appears 
Retrograde, deſcribes a longer Arc ſlower, and 
therefore ſpends more 'Time in doing it. N 

Hence it is, that Venus ſeen from the Earth, is 
longer Retrograde, and while ſhe-is ſo, deſcribes a 
greater Arc than Mercury. CO- 
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COROLLARY x. | 
Hence it alſo follows, that when two ſuperior 
Planets are ſeen from an inferior one in Conjun- 
ion, if that which is farther off from the Sun 


be Direct, that which is nearer the Sun will alſo - 


be Direct; if that which is nearer the Sun be 
Retrograde, that which is farther off the Sun will 
alſo be Retrograde. Let & repreſent the Sun | Fig. 
40.] IT the Orbit of an inferior Planet; PZ, RV 
the Orbits of two ſuperior Planets. Draw S Tan 

how interſecting the Orbits of the ſuperior Planets 
in Sand R. Let E be the Place in the Orbit of 
the inferior one,where the inferior Planet is when 
the more diſtant one in R is ſeen from thence to 
be Stationary ; and let A be the Place in the ſame, 
where the inferior one is found when the nearer 
ſeen from the inferior one appears to be Stationary 
in P. Join the right Line AP, 48, BR, ES. Then 
from Corol. 2. it is evident that the Place A is 
nearer to the Point I than B, and that the Angle 


PAS is greater than R BS. When the Planet in RC 


appears Direct from the inferior one, the Place 
of the inferior one ought to be farther diſtant 
from I than the Place B, for inſtance in C. Sup- 


poſe now that the nearer of the ſuperior Planets 


ſeen from the inferior is in conjunction with the 
more diſtant one, and it will be therefore in the 
Point E, where the right Line CR interſects the 
Orbit P Z. By Prop. 21. Elem. 1. the Angle ECS 
is leſs than the Angle RBS; therefore it is much 
leſs than PAS. Therefore a Planet ſeen in E from 
C is Direct; becauſe to make it Retrograde, tis 
requiſite that EC & be greater than P AS, which 
is requiſite to make it Stationary. But the inferior 
Planet being between B and 4, the more 
diſtant at R will appear Retrograde, and that which 
is nearer to it in conjunction, ſtill Direct ; becauſe 
the Planet of the Spectator is not as yet arriv'd to 
the Limit A.  _ 
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Mercury are much nearer to its greateſt Elonga- 
tions from the Sun: than thoſe. of Venus, 
_ COROLLARY 3. 

And from hence again it follows, that in reſpe& 
of the ſame inferior, in two ſuperior Planets com. 
par'd together; the farther off the Sun the ſupe- 
rior Planet is, the longer its Retrogradation con. 
tinues; for (by the preced. Corol.) it begins ſooner 
and ends later. But the Angle of Retrogradation 
is leſs, becauſe the Orbit of the given inferior 
Planet ſeen from the more diſtant ſuperior one 
appears under a leſs Angle, than if it were ſeen 
from a nearer : From this Prop. 37. *tis evident, 
that the Angle of Retrogradation (contain'd be- 
tween two right Lines from the ſuperior Planet 
oppoſite to the Sun, to the Places of the inferior 
Orbit, where the one appears Stationary to the 
other) is almoſt equal to the Angle wherein the 
Orbit of the inferior one is ſeen from the ſuperior, 
fince the above-mention'd Points of the Stations 
are not far from the Points of Contact. 

Hence it is, that the Retrogradation of Saturn 
ſeen from the Earth is longer, but the Arc of De- 
ſcription at that time is leſs than that of Jupiter; 
and that of Jupiter in like manner than that of Mars. 
„„ CAA DIELESEE1C 

But in reſpect of the ſame ſuperior, in two infe- 
rior Planets compar'd together ; the farther off the 
{uperior Planet is from the Sun, the longer is its 
Retrogradation and along a greater Arc. 'The 
former is evident from the preced. Coro). ſince the 
Retrogradation of two Planets is mutual, by Coro/.1. 
The latter is evident from hence, that a Planet 
that is more diſtant from the Sun, while it appears 
Retrograde, deſcribes a longer Arc ſlower, and 
therefore ſpends more 'Time in doing it. 

Hence it is, that Venus ſeen from the Earth, is 
longer Retrograde, and while ſhe-is ſo, deſcribes a 
greater Arc than Mercury, C Os 
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CRO LL NT 
Hence it alſo follows, that when two ſuperior 
Planets are ſeen from an inferior one in Conjun- 
ion, if that which is farther off from the Sun 


be Direct, that which is nearer the Sun will alſo 


be Direct; if that which is nearer the Sun be 
Retrograde, that which is farther off the Sun will 
alſo be Retrograde. Let & repreſent the Sun | Fig. 
40.] IZ the Orbit of an inferior Planet; PE, RV 
the Orbits of two ſuperior Planets. Draw S Tany 
how interſecting the Orbits of the ſuperior Planets 
in Sand R. Let E be the Place in the Orbit of 
the inferior one,where the interior Planet is when 
the more diſtant one in R is ſeen from thence to 
be Stationary ; and let A be the Place in the ſame, 
where the inferior one is found when the nearer 
ſcen from the inferior one appears to be Stationary 
in P. Join the right Line AP,AS, BR, ES. Then 
from Corol. 2. it is evident that the Place A is 
nearer to the Point I than B, and that the Angle 
PAS isgreater than R BS. When the Planet in R 
appears Direct from the inferior one, the Place 
of the inferior one ought to be farther diſtant 
from I than the Place B, for inſtance in C. Sup- 
poſe now that the nearer of the ſuperior Planets 
ſeen from the inferior is in conjunction with the 
more diſtant one, and it will be therefore in the 
Point E, where the right Line CK interſects the 
Orbit P Z. By Prop. 2 1. Elem. 1. the Angle ECS 
is leſs than the Angle RBS; therefore it is much 
leſs than PAS. Therefore a Planet ſeen in E from 


E is Direct; becauſe to make it Retrograde, tis 


requiſite that EC & be greater than PA &, which 
is requiſite to make it Stationary. But the inferior 
Planet being between B and 4, the more 


diſtant at R will appear Retrograde, and that which 


is nearer to it in conjunction, ſtill Direct; becauſe 
the Planet of the Spectator is not as yet arriv'd to 
the Limit A. | But 


/ 
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But if the nearer of the ſuperior Planets a 
pears Retrograde at P from the inferior Planet, 
the inferior one will be between A and J, for in. 
ſtance in P. If now the more diſtant Planet ap- 
pears in conjunction with it, that will be in the 
right Line DS produced to the Orbit RV, viz. 
in F. But the Angle FDS is greater (by Prop. 21. 
El. 1.) than PAS, which again is greater (by what 
has been ſhown) than R BS. And therefore the more 
diſtant Planet ſeen in F from D, appears Retro- 
grade, ſince to make it appear Direct, a leſſer 
Angle at the inferior than RBS is requiſite. 

And hence it is that when Saturn is ſeen from 
the Earth to be Direct, Jupiter and Mars can't be in 
conjunction with him, unleſs they alſo be Direct; 
or Mars can't be in conjunction with Jupiter Di- 
rect, unleſs when he himſelf is Direct: But either 
Jupiter or Mars Direct may be in conjunction with 
Saturn Retrograde, and Mars Direct may be in 
conjunction with Jupiter Retrograde. But Ju- 
piter and Saturn can't be in conjunction with 
Mars Retrograde, unleſs they themſelves be Re- 
trograde; or Saturn with Jupiter Retrograde, un- 
leſs Retrograde, | 


Fon 


LEMMA. 


N the Quadrilateral Figure C GDK Fig. 41. 
iunſcrib'd in a Circle, (one of whoſe ſides C K is 
a Diameter of the Circle,) the fide CG and the 
Diagonal CD, together with the Ratio between the 
oppoſite ſide K D and the other Diagonal & K, (the 
{ame that is between the given right Lines N and 
M) being given, to find the Angle & CD contains 
between the given ſide and the given Diagonal. 
Becauſe the Sum of the Squares of the rightLines 
CG and K & is equal to the ſum of the Squares of 
che right LinesCDand KD, (for each ofthe Sums are 
equal to the Square of CK ;) the difference of the 
On: Squares 
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Squares of the right Lines & K and KD will be 
equal to the difference of the Squares of the right 
Lines CD and CG, andconſequently given. More- 
over, becauſe & K is to DK as Mis to NM. the 
Square of & K will be to the difference of the 
Squares of & K and D &, as the Squares deſcribed 
upon the right Line M is to the difference of the 


2 


Squares of M and N; becauſe GK: B M. N 


Therefore the Square of & K (by Dat. 2.) will 
be given; alſo the Square of CK, made up of the 
given Square of && and the Square of C are alſo 
given : Conſequently the right Lines themſelves 
CK and & K are given, the right Line DX is 
alſo given, becauſe it has a given Rat io to & K. 


But it is a known Theorem among Geometers, 


demonſtrated by Ptolemy, B. 1. of the great Con- 
ruction, Chap. 9. that in a quadrilateral Figure 
CG D inſcribed in a Circle, the Rectangle con- 
tained under CD and CX is equal to the Rectangle 
under CG and D X, together with the Rectangle 
under CK and & D. And therefore the Rectangle 
under C and D R, lefſen'd by the Rectangle un- 
der C and KD is equal to the Rectangle under 
CK and & D. But the rectangled Parallelograms 
that are contained under the given right Lines are 
given, and the Difference of the given Rectangles 
is given ; and conſequently the Rectangle under 
CK and DGis given, and CK is given; therefore 
GD is given. And the three Sides in the Tri- 
angle ECD being given, the Angle CD will 
be found. Q: E F. | 


PRO POSITION XXXVIII. 


N oO find the Angle of Commutation, whereby two 


given Planets ſeen from the Sun are diſtaut, and 
the Angl e whereby the Sun and either of the Planets 


ſeen 
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ſeen from the other are diſtant, when one of the gi. 


ven Planets ſeen from the other appears Stationary, 
Let Sbe the Sun, | Fig. 42. R, PT the Gr. 
bits of the given Planets; and let CD, RA be 
Arcs deſcribed in the ſame time by the Planets, 
while one is ſeen from the other Stationary, 
which are given by what has been ſaid at Prop. 3). 
Join SR, SC, and RC, AD, which (by the pre. 
ced. Prop.) will be parallel. Thro' C draw the 
Line C & parallel to R A, alſo thro* & the right 
Line & K parallel to RS, and thro* D the right 
Line DK parallel to CS, which may meet in I, 
and join the right Line C XK. The Triangle @KD 
will be equiangular to the Triangle R SC, (ſince 
each of the Sides of that, is parallel to each of 

this,) and conſequently ſimilar. Becauſe the Time 

of the Station of the Planet is very ſmall, if com- 

pared with the periodic Time even of the ſwiſteſt, 

the Line CD does not ſenſibly differ from a right 

Line, and much leſs RA or C from the right 

Line HC produced touching the Orbit P in C 

and the latter produced will be the right Line CL 

perpendicular to SR, as AR is to the ſame. 

Moreover, a Circle made upon the Diameter CK 
paſſes thro* D and &, becauſe the Angles CGI, 
CDK are right ones; being by conſtruction equal 
to the right ones & LC SCH. CG DX therefore 
is a Quadrilateral Figure inſcribed in a Circle, 
one of whoſe Sides CK is the Diameter of the 
Circle, and in which are given the Side C G and 
the Diagonal CD ; as alſo the Ratio between 
the oppoſite Side DK and the other Diagonal GK, 
viz. the ſame that there is between the Semi- 
diameters CS, RS of the given Orbits. And 
therefore (by the Lemma premiſed) the Angle 
CCD will be found, to which the vertical Angle 
HCL is equal ; and to this again the Angle RSC 
is equal, which is the Angle of Commutation, 
| where 
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whereby the two given Planets ſeen from the Sun 
are diſtant, when the one ſeen from the other 


appears Stationary. Moreover, in the Triangle 
RSC the two Sides SR, SC, and the Angle 


RSC contained by them being given, the Angles 


SRC, SCR will be found; the former of which 
is that Angle whereby the inferior Planet is di- 
ſtant from the Sun, while it appears Stationary 
from the ſuperior one, the latter is the Angle 
whereby the ſuperior Planet is diſtant from the 
Sun, while it appears Stationary from the inferior 
= | 

This Method of defining the Points of the Sta- 

tions fit for Calculation, and more natural and as 

it were depending upon the Motion of the Spe- 

ctator about the Sun, I have demonſtrated ; paſſing 

over the Geometrical Conſtruction of this Pro- 

blem laid down by Prolemy in B. 12. of his Almageſt. 

accommodated to the Hypotheſis of the Earth's 

being at reſt, which Apollonius Pergæus formerly 

gave, and which Copernicus notwithſtanding ſays, 

that it no leſs agrees with his Principles of the 

Motion of the Earth, in B. 5. Ch. 35. Revolut. 

and which you may ſee in the abovemention'd 

Authors. 

If the Plane of two Orbits be not the ſame, the 
one may be reduc'd to the other, by letting fall 
Perpendiculars, letting fall from all the Points of 
the Orbit, which is to be reduced, by which 
means the circular Orbit becomes Elliptic, and 
the Elliptic is chang'd into another Ellipſe, or 
perhaps into a Circle. But a new Orbit is more 
eaſily drawn (by Prop. 33.) thro' five Points, two 
of which are the fame with two of the Orbit to 
whoſe Plane the other is reduc'd, namely, the 
common Section of the Orbits; and the three o- 


thers are found, by ſeeking the Curtated Diſtances 


from the Sun, as was done in Prop. 35. And if 
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the other Orbit, or both after the Reduction be- 
come Elliptic, the Problem is conſtructed in them 
after the like manner, and the preceding Calcu- 
lation applied to this Caſe, after the ſame manger 
as was done in Prop. 36. in a Caſe not much diffe- 
rent. But to find the Ratio betwetween RA and 
CD, Prop. 41. B. 1. is to be uſed inſtead of Phy, 
27. of the ſame Book; which was uſed in the cafe 
Where both the Orbits were circular. 


2 


—ê 
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SECTION V. 


Concerning Tables of the Primary Planets, and 
the Uſe of them, 


OR Reaſons much like thoſe mentioned in 
ect. g. B. 2. concerning making Tables of 
the Firſt Motion, Tables are alſo made for the 
more expeditious finding the ſituation of the Pla- 
nets, both in regard of one another, and in re- 
ſpect to the Fix'd Stars at a given Time. The Art 
and Method of making them may be learnt from 
what has been ſaid already before, but the Order 
from what follows. 
ä PRO POSTITIION XXXIX. 
1 O deſcribe the Tables, by the help of which the 
Heliocentric andGeocentricPlace of any Prima- 
ry Planet at a given Time is expedition/ly determined. 
In the firſt Place, is a Table of the Equation 
Lime, conſiſting of two Parts, of which we have 
treated in Prop. 17. And becauſe in a complicated 
Calculation it would be a tedious Piece of Work 
to take out the two component Parts with their 
Signs, add or ſubtract them as occaſion requires, 
one Table muſt be formed, made out of them 
mixt together, fitted to the Age the Calculator 


lives in, ſince in that Age the ſituation of the Points 
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of the Ecliptic, in regard of the Earth's Aphe- 


«tit. 


nen bes lion, is not ſenſibly changed. 

ee Tho? this Table of the Equation of Time may 
an, be reckoned among the general Tables, ſince 
* ay Time muſt be uſed to determine the Place of any 


moveable Body, and that denoted by ſomething 
moved equably; and all Time is commonly (and 
moſt aptly) reckoned by the Sun: The Motion 
of this Body which is in its own Nature unequal, 
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ought to be reduced to an equality; that is, ſuch 1 
— a Table as this ought to be uſed : Notwithſtand- 1 
ing, ſince the Equation of Time marked by the Wil! 
Sun depends on a double account, upon the fitu- 1 
ation of the Earth in regard of the Sun, this 1 th 
ts, and Table tho' general in its uſe, and neceſſary in de- ant 
termining the Motion of the Fix'd Stars from TY 
the preced. Book, as of the Secondary Planets BI 
oned in from the following, ought to bt reckon'd from 8 1 
ables of its own Nature, among the Tables of the Pri- . 
for the mary Planets. | | a | þ | 
the Pla- The Tables are to be made ſeparately for each fi 5 4 
d in re- of the ſix Primary Planets, viz. Saturn, Jupiter, | . 
The Art Mars, the Earth, Venus and Mercury. Tho' this, i i 
nt from or the inverſe of this, be the true order of the 1 
e Order Planets, and the Tables of them (each ſeparately) oY b 
ought to be diſpoſed after this order naturally; | + | 
yet with us, who are the Inhabitants of the Earth, Wa 
hich the tis neceſſary that the Tables of the Earth have WEN 
y Prima- the firſt Place, both becaufe by the help of theſe, ns J 
ermined the Motion of the Earth is found, on which the 4 2 
ation f apparent Motion of the Sun (which leads all the 8 ! 
we have other Planets) depends ; which is neceſſary in q 1 
plicated the firſt place to determine the Motion of any of is 
f Work the reſt, by reaſon of the Equation of Time de- 9 
th their pending upon it. ET 1 
equires, In the Tables of each of the Planets, firſt of all 
of them the Radix of the Motion of the ſaid Planet is to 
lculator be ſettled 5 that is, at any celebrated Point of 
je Points | Fe eg 1 
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mean Time pitched upon according to the rec. 
koning of the Place for which the Tables are 
made, you have marked by the help of the pre- 
ceding Propoſitions, the Heliocentric Longitude 
of the ſaid Planet, of the Aphelion and — 
ing Node of the ſame; the firſt whereof, namely 
the Diſtance of the Planet from the EquinoRial, 
confiſts of two heterogeneous Parts ; vix. the 
diſtance of the Aphelion of the Planet from the 
Equinox, expreſſed by the Angle, and the di- 
ſtance of the Planet from the Aphelion, expreſſed 
by the Area of its Orbit. 
In the ſecond Place, the Mean Motions from 
the Equinox of the Planet it felt, of the Aphe- 
lion and Node, for ſingle Years, Tens, Hundreds, 
Sc. alſo for Months, Days, Hours, and Parts of 
Hours, are diſpoſed into Tables. | 

In the third Place, a Table is ſubjoined, exhi- 
biting the true Anomaly of the Planet to the ſe- 
veral Degrees of the mean Anomaly of the ſame, 
This Table may be made either by Prop. 3. or by 
Approximation by the 4˙¹, 6*, or Jh Propoſi- 
tions, according to the nature of the Approxi- 
mation which a Perſon has a mind to uſe. 

In the fourth Place, you have a Table exhibiting 
the Diſtance of the Planet from the Sun, (found 
by the ſame Propoſitions, together with Prop. 22.) 
in Parts, whereof the mean Diſtance from the 
Earth contains 100000, for the ſeveral degrees of 
the mean Anomaly. Theſe two Tables are ad- 
vantageouſly reduced into one, by ſetting next to 
each degree of the mean Anomaly, the agreeable 
true Anomaly and correſponding Diſtance. To 
theſe Diſtances, for eaſe of Calculation, are an- 
nex*d the correſponding Logarithms ; or even 
the Logarithms of the Diſtances alone are diſpoſed 
into Tables, ſince they are ſufficient for Calcu- 
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In the fifth Place, is put a Table of the Centric 
Latitude, or Inclination of a Planet to the Plane 


of the Ecliptic for the ſeveral Degrees of the Di- 
ſtance from the neareſt Node, which Diſtance 


from the Node is commonly call'd by Aſtrono- 
mers, The Argument of the Latitude. 

In the ſixth Place, you have a Table of Redu- 
fim, whereby the Place of a Planet in its proper 
Orbit is reduc'd tothe Place in the Ecliptic, ſhew- 
ing how much more or leſs forward it is in che 
latter than'in the former. | 

In the ſeventh Place, you have a Table ſhew- 
ing how much the interval of a Planet from-the 
Sun in its proper Orbit is to be curtated, to re- 
duce it to the Plane of the Ecliptic, by letting fall 
from the Planet a perpendicular upon it. And 
ſince . theſe three (namely the Inclination, Re- 
duction and Curtation) are fitted to the ſeveral 


Degrees of the Argument of Latitude, the three 


preceding Tables will commodiouſly come into 
one; as was ſaid before concerning the third and 
tourth Tables. Theſe three Things are found by 
common Trigonometry, having the Inclination 
of the Orbit of the Planet to the Plane of the 
Ecliptic, which is done by Prop. 20. 

In the eighth Place, is advantageouſly plac'd 
the Angle of Commutation (found by Prop. 38.) 
making in that Planet an apparent Station from 
the Earth. And becauſe neither the Orbit of the 
Planet nor of the Earth is circular, neither can 
the ſame Angle of Commutation ſerve in every 
Cafe, nor even the ſame in the two next Stations; 
the Angles of Commutation producing both the 
firſt and ſecond Station of the Planet, are diſpos'd 
mto a Table, for four or eight of the principal 
Anomalies; 55 

For every one of the inferior Planets may com- 
modiouſly be added a Table, (made by Prop. 3 6.) 
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of the Angles of Commutation in the greateſt 
Elongation of the Planet from the Sun, as well 
towards the Eaſt as towards the Weſt, fitted to 
the ſame Anomalies. To theſe, the Depreſſion 
of the Sun below the Horizon in the Moments of 
Heliacal Riſing or Setting is alſo added. And 
theſe are the common Tables uſually made b 

Aſtronomers for the ready finding out the Places 
of the Planets. | 


PrRovosITION XL. 


O calculate the Heliocentric and Geocentric 
Place of any Planet, in regard of Longituit 

aud Latitude at any Time propoſed, by the help of 
the above deſcribed Tables, and to define its Paſfims. 
\ Firſt of all, let the Time propos'd be equated, 
as was ſhewn in Prop. 17; then let the Place of 
the Earth ſeen from the Sun, and its Diſtance 
from the Sun be found for that mean Time, as 
in the 18th. And fince by the help of the firſt 
Table at the aſſum'd Epocha there are given the 
Diſtances of the Planet propos'd, and of its Aphe- 
lion and aſcending Node from the Equinox; and 
by the ſecond, their Mean Motions made between 
the ſaid Epocha and the Time propos'd, being 
equated, as aforeſaid ; the mean Diſtance of the 
Planet from the Equinox, and the Diſtances of 
the Aphelion and the Nodes from the ſame will 
be given. The Difference of the two former | 
the Planets Mean Anomaly ; to which, the cor- 
reſpondent true one or angular Heliocentric Di- 
ſtance from its Aphelion may be taken out of the 
third Table; and out of the fourth, the Diſtance 
of the ſame from the Sun. The Diſtance of 1 
Planet from the Node, or the Argument of La- 
titude will likewiſe be given; to which, the cor- 
reſponding Inclination, or Centric Latitude maj 


be taken, out of the fifth Table; and out * " 
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ſixth, the Reduction, whereby it is reduc'd to the 
Ecliptic; and out of the ſeventh, the Curtat ion, 
which being ſubſtracted from the Diſtance of the 
Planet from the Sun in its own Orbit, firſt taken 
out of the fourth Table, leaves the Curtate Di- 
ſtance of the Planet from the Sun. 
After this manner may be had the following 
Things in the Diagram of Prop. 35, viz. the right 
Line ST | Fig. 43. | in Magnitude, being the Pi- 
ſtance of the Earth from the Sun ; the ſame in 
Poſition; namely the Heliocentric Place of the 
Earth; the right Line SE in Magnitude, viz. 
the Curtate Diſtance of the Planet from the Sun ; 
and the ſame in Poſition, namely. the Place of 
the Planer reduc'd to the Ecliptic : And conſe- 
quently the Angle TE is given, contain'd be- 
tween right Lines given by Poſition, which is 
alſo the Angle of Commutation ; therefore the 
Angle STE the Elongation of the Planet from 
the Sun ſeen from the Earth will be found. But 
the Place of the Sun ſeen from the Earth is gi- 
ven ; and therefore the Geocentric Place of the 
Planet in the Ecliptic, and T'F the Diſtance of 
the Planet from the Earth are given. _ 
Apain, becauſe LE is perpendicular to the 
Plane of the Ecliptic TSNE, the Triangles 
SEL, TEL are right-angled at E; and there- 
tore the Tangents of the Angles ETL, ESL 
are in the ſame Ratio with E, ET: But ESE 
is the Heliocentric Latitude of the Planet. firſt 
taken out of its proper 'Table, and the Ratio of 
ESto ET'is given; for the right Lines them- 
(elves are given, (but the Ratio of theſe is the 
lame with the Ratio of the Sines of the oppoſite 
Angles STB of Elongation, and T'SE of Com- 
mutation; ) wherefore ETL the Geocentric La- 
titude of the Planet is known. 
Hh 2 More- 
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Moreover, by the Angle of Commutation and 


Anomaly of the Planet found above in the 


eighth Table, it may be found whether the ſaid 
Planet be in the firſt or ſecond Station. But if 
the Angle of Commutation be leſs than that which 
in this Planet makes the Station, the Planet will 
be Retrograde; if greater, Direct; as was ſhewn 
above. And after the ſame manner, by the ſame 
Table, it may be found whether Venus or Mercu- 

be in their greateſt Elongation from the Sun. 
And by the Place of the Planet found above, and 
the known Depreſſion of the Sun requiſite to it, 
annex'd to this Table, 1t may be determin'd (by 
Prep. 38. B. 2.) whether the Planet is riſing or ſet- 
ting Heliacally, or lies hid under the Rays of the 
Sun. And laſtly, by the ſame Method, with 
that whereby the Phaſis of the Moonis delineated, 
Prop. 17. B. 1. the Phaſes of Mars, Venus or 
Mercury, at a given Time may be delineated. 
But Jupiter and Saturn always appear full; as was 
faid in Prop. 9. B. 1. | 

In this Propoſition we do not attend to the va- 
riety of all Caſes, viz. whether this Arc be to be 
fubſtracted from that, or vice verſa that from this; 
nor to the different Caſes of Inclination and Lati- 
tude Northern and Southern, Elongation Eaſtern 
and Weſtern, and the like of the reſt ; nor how, 
out of two Numbers, the intermediate Tabular 
Number ſought is to be found by proportion: For 
we do not here give Rules of Calculation to be 
obſerv'd by a Calculator literally, but the Geo- 
metrical Principles of a Calculation. 

| 8 C:HDb 1-U M: 

Tho? the Tables above deſcrib'd are natural and 
commonly made uſe of, yet to find the Places of 
the Planets more readily, Tables are made after 
this or the like manner advantageouſly. enough, by 


ſuch as look upon the Aphelia and Nodes of the 
24 5 Orbits 


(II. 


MN and 


n the 


E ſaid 
But if 
which 
et will 
ſhewn 
e ſame 
lercu- 
e Sun. 


d (by 
or ſet- 
of the 
With 
eated, 
us or 
1eated. 
as Was 


he va- 
to be 
1 this; 
Lati- 
aſtern 
how, 
abular 
For 
to be 
Geo- 


Book III. of ASTRONOMY. 469 
Orbits of the Planets to be at reſt ; as Strect of all 
the Planets, and Flamſtead at leaſt of the Apſides 
of the Earth, | 
For every Planet's Radixes are to be ſettled, 
not of Longitade thereof, and of its Aphelion and 


Node, as before, but of the Mean Anomaly of 


the Planet : And the Motion of the Anomaly for 
Years and Sums of Years, Months, Days, (or 
rather for the particular Days of the ſeyeral 
Months current,) Hours, c. EE 
To theſeare added the following Things, which 
always continue the ſame, determining the ſitua- 
tion of the Orbit of the Planet, and exhibiring 
the entire Theory expreſs'd by Numbers, viz. 1. 


The Diſtance computed in the Ecliptic of the A- 
phelion from ſome one of the Fix'd Stars, for In- 


ſtance, the firſt of Aries, or the Difference of 
Longitude of the ſaid Fix'd Star and Aphelion of 
the Planet, which is calPd he Longitude of the A- 
pheliou from a Fi d Star. 2. The Longitude of 
the aſcending Node of a Planet from the fame 
Fix'd Star. 3. The Inclination of the Orbit of a 
Planet to the Plane of the Ecliptic. 4. The Magni- 
tude of the greater Axis ofthe Orbit of a Planet and 


of its Excentricity, expreſs'd in Parts, whereof 


the mean Diſtance from the Earth contains 100000. 
For from theſe are found, by the reſpective Pro- 
poſitions, the Longitude of the Planet from the 


firſt Star of Aries, the Inclination or Heliocentric 


Latitude Northern or Southern, and the Curtate 
Diſtance of a Planet from the Sun, for any Mean 
Anomaly of the Planet. Out of theſe artificially 
annex*d to the Mean Anomaly, to which they 
belong, are made Tables; tho” inſtead of the Cur- 
tate Diſtance it ſelf, the Logarithm alone will ſut- 
fice for Calculation. For ſince (by Prop. 43. B. 1.) 
the mutual ſituation of a Fix'd Star and the Orbits 
of the Planets remain the ſame, or the Lines of 
Hh 3 the 
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the Nodes and Apſides are at reſt, (at leaſt they arè 
taken to be ſo by thoſe Authors, to the ſame Point 
of the ſame Orbit, that is, to the ſame Mean 
Anomaly, theſe three continue the ſame and un- 
varied in the ſame Planet. "Theſe being taken out 
of the Tables, the reſt is done, as above in the 
Propoſit ion. But the Longitude of the firſt Star 
of Aries at a given Time is found by the Tables 
of the Fix'd Stars, of which ſee Prop. 68. B. 2. 
What remains about the Paſſions of the Planets is 
to be done after the ſame manner as above. 

Such 'Tables as are more ready for uſe than 
thoſe mention*d above, are call'd Ephemerides of 
the Celeſtial Motions, being calculated, from the 

erpetual Tables deſcrib'd above, for a certain 
Number of Years, and they ſhew the Places of the 
ſeveral Planets as to Longitude and Latitude, 


their Paſſions, and mutual Aſpects, as well when 
they are view'd from Center of the Sun, as 


from the Center of th , for every Day; to 
which alſo are added the Places of the Moon com- 
puted for every Day, its Phaſes, the Eclipſes of 
the Sun and Moon, and other Things found in 
the following Book. | 


PrkoPoOsITION XILI. 
I N the Primary Planets compar d together, tht 


Squares of the Periodic Times are as the Cubes of | 


the greater Axis of the Elliptic Orbits, which they 
deſcribe about the Sun. 

Let & | Fig. 44.] repreſent the Sun; MFTN 
the Orbit of the Earth, whoſe Apſides are M and 
N, AEPB the Orbit of any other Planet, whoſe 
Apſides are A and P, which are ſuppos'd to be ſo 
delineated in the Scheme, as that the Inclination 
of the Lines MN, AP may be the ſame with that 
found by what has been Cid about the Lines of 
the Apſides of the ſaid Planets in the Heavens 
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and the Ratio of the Cubes of them, the fame with 
that of the Squares of the periodic Times of the 
ſame Planets. I ſay, that the Orbit of the Earth 
remaining, another Planet can't move in any 
other Orbit beſides that juſt now deſcrib'd AE PB. 
For if it can, let a different Orbit of the ſaid Pla- 
net be 4õ 7 e; that is greater or leſſer than the 
Orbit AEPB. Let F denote the Point in the 
Orbit of the Earth, wherein the Earth is when it 
is in Conjunction with any other Planet Heliocen- 
trically. The Line SF drawn (and if need be, 
produc'd) will ſhew the Point B in the Orbit 


AEPB, wherein the other Planet would then 


be found if it mov'd in this Orbit; and in the 
Orbit a«7 2, which is ſuppos'd to deſcribe the 
Point E, in which it is really found. The Earth 
removing from F and the other Planet from 2, 
after a certain 'Time, let the former be found in 
1, and the latter in e: Then & join'd will meet 
the Orbit AEPB in the Point E, in which the 
Planet would have been found, if it had deſcrib'd 
the Orbit A EP, fince the periodic Time 1s 
ſufficiently known and certain. * The right Lines 
EJ, J being drawn, the Angle CTs will be 
the Elongation of the Planet from the Sun at the 
ſaid Time: But this Elongation is not agreeable 
to Obſervation, for tis the Elongation S T E 
(drawn from the ſuppoſition, that the Planet de- 
ſcribes the Orbit AE PB) that does. And there- 


fore ſuppoſing MFT'N to be the Orbitof the 


Earth, that other Planet does not deſcribe the 
Orbit a«- 8 different from the Orbit AE PB. 
But the Cubes of the greater Axis of the Orbits 
AEPB, MF N are as the Squares of the peri- 
odic Times of the Planets mov'd in thoſe Orbits. 
And the ſame is collected of the other Planets 
compar'd with the Earth, for the like Reaſons ! 
And therefore ex quo, in any two primary Pla- 

h 4 | nets 
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nets compar*d together, the Squares of the peri- 
odic Times are as the Cubes of the greater Axis 
of the Orbits, wherein they are carried. 

And generally the Agreement of the Places by 
Calculation with thoſe obſerv'd, argues the true 
Situation and true Species of the Orbit of an 
Planet, as well as the true Magnitude. For the 
Situations of the Earth and the other Planets are 
ſo variouſly intermingled, that any notable Errors 
committed in the ſettling the Orbit and Theor 
of any Planet, would ſometimes maniteſtly diſco- 
ver themſelves, and become very ſenſible: But 
on the contrary, the Places of the Planets drawn 
from Tables depending upon the ſaid Theories, 
wonderfully agree with their Places by Obſerya- 
tion. 'The very ſmall Difference from Obſerva- 
vation in the mean while is owing to other Cauſes, 
Viz. the Action of the Planets upon one another, 
the Effects whereof in diſturbing the Motions of 


the Planets are afterwards to be conſider'd, and 
their Orbits rectified from thence. . 


PRO PHPOSGITION XTLII. 


T4 E Geocentric Place of a Planet at a given 
: Time being given, to find by the Tables the 
Place of the ſame ſeen from a given Place or Habita- 
tion upon the Surface of the Earth at that Time. 

If the Habitation given be not in the ſame Terre- 
ſtrial Meridian with the place to which the Tables 
are fitted, let the given Time be reduc'd to the rec- 
Koning of the place of the Tables, by the Tables de- 
ſerib'd Sect. . B. 2. To that Time find (by Prop. 36. 
B. 2.) the Planets Altitude, ſeen from the Center of 
the Earth, above the Horizon of the Habitat ion gi- 
ven, and alſo the Azimuth. Let the Parallax of 
the Sun, that correſponds with the Altitude thus 
found, be taken out of the Table made (by Prop. 
47. B. 2.) from the Parallax of one Diſtance * 


; III. 
peri- 
Axis 


es by 
> true 
f any 
Yr the 
ts are 
Zrrors 
heory 
diſco- 
But 
Irawn 
ories, 
erya- 
erva- 
ſes, 
ther, 
ns of 
and 


i ven 
s the 
bita= 


erre- 
ables 
ICC» 
s de- 
. 36. 
er of 


Book III. of As T RO NOM. 473 


of one Altitude, or known by ſome Prop. of the 


20 Book, or by one of the following: And (by 
Prop. 48. B. 2.) the Parallax of the Planet in the 
ſame Altitude above the Horizon, will be to the 
Parailax of the Sun taken before, as the Diſtance 


of the Sun from the Earth, to the Diſtance of the, 


Planet from the {ame : But theſe Diſtances in the 
Place of the Planet to be computed by the preced. 
Prop. were known ; wherefore the Parallax of the 
Planet correſponding to that Altitude is found. This 
therefore is to be ſubtracted from the Geocen- 
tric Altitude found above, that it may become 
the Altitude once corrected in the given Habita- 
tion. To the Altitude thus corrected add the cor- 
reſponding Refraction, from the Table of Refra- 
ction made by Prop. 66. B. 2. of the uſe of which 
we have ſpoken in Prop. 68. of the ſame ; and 
you will have the apparent Altitude of the Planet 
in the given Habitation, the Azimuth firſt found 
remaining unchanged. From this apparent Alti- 
tude and Azimuth, you may find by Prop. 26, and 


27. B. 2. the Planet's Place, which will be the 


apparent one in the given Habitation. The Time 
propoſed reckoned in the Meridian to which the 
Tables are fitted, and afterwards reduced to the 
Meridian of the given Habitation, ſince it is a 
mean, (ſuch as it ought to be when Tables are 
uſed) *tis reduced to apparent Time, by Prop. 17. 
Therefore the apparent Place of the Planet, at 
the given 'Time now made the apparent, Is 
found, 
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„ee 8 


: SEC T. 
Of the Magnitude of the Orbits of the Planets, 


F N what precedes, we have conſidered the Pla- 

nets themſelves, as ſo many Points moving in 
their Orbits ; that is, we have not taken their 
Magnitude into Conſideration. And in this caſe 
it is the ſame, as to the Phenomena, what Mag- 
nitude the Orbit of any of them is ſuppoſed to 
be of, provided all the reſt have that Ratio and 
Poſition to this, as they have in Nature. 'There- 
fore we have every where ſuppoſed the common 
meaſure of all the Orbits and their Parts to be the 


greater Axis of the Orbit, that the Earth (the 


Habitation of the Spectator) deſcribes about the 
Sun, or half of it, the mean Diſtance of the 
Earth from the Sun, without being concerned 
about the Magnitude of this apparent Diſtance. 
But now when the Magnitude of the other Planets 
comes to be compared with the Magnitude of the 
Earth, the aforeſaid Diſtances muſt be compared 
with the Diameter of the Earth ; which may be 
done by the help of the Parallax being known, as 
was ſhewn in Book 2. And tho? the Parallax of 
the Planet might be found by one of the Methods 
of finding the Parallax delivered in Book 2. if 
you could obſerve it as accurately as you pleaſe ; 
yet notwithſtanding, becauſe there are ſeveral 
things that are too obvious which are an hindrance 
to it, I ſhall propoſe two Methods by which this 
Obſervation, ſo ſlippery as it is, may be made 
without any danger of a notable Error. In the 
firſt it ſhall be done by two Obſervations made to- 
gether in two Places of the Earth ; in the ſecond, 
by two made in the ſame Place. PR 0- 


\ 


* 
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_ ProePeos3trION XLIII. | 

TD YT means of the Conjunttion of two Planets, ob- 
erved in two given Places of the Earth, to 
find the Parallax of both. | | 
Let the true Places of the two Planets ob- 
ſerved in Corporal Conjunction (that is, where 


the one ſeems to touch or cover the o- 


ther) be L and E. Imagine the Circle A B 
Fig. 45.] to be drawn thro' the Vertices A and 
B of the Places on the Earth. Draw the vertical 
Circles AEM, ALO, BEP, BLN. Let the 
Planets be obſerved from one of the given Pla- 
ces (namely that whoſe Vertex is A) in O and M. 
And fince the Places are given where the Obſer- 
rations are made, (by Prop. 3 2. B 2.) the diffe- 
rence of the Meridians will be given; and ſo the 
Names of the Hours, whereby any the ſame in- 


ſtant of time is expreſſed in the faid two Places: 


And therefore the ſame moment of Time may be 
pitched upon to make the Obſervation in the gi- 
ven Places. Therefore at the ſame inſtant that 
the Planets in O and M are obſerved from the 
Place whoſe Vertex is A, let them be obſerved 
from the Place whoſe Vertex is B, for inſtance, 
in N and P; Draw the great Circles LE, O M, 
NP. Obſerve alſo (either by a Micrometer, or 
what is inſtead of it, viz. Threads ſtretched va- 
riouſly in the Focus of a Teleſcope, or by the 
help of an Icoſcope throwing the Image upon a 
Plane, or by any other Method to be lett to the 
induſtry of the Artiſt) the Magnitudes of the 
Arcs NP, OM, (which in a corporal Conjun- 
ction, by reaſon of their ſmallneſs, will be right 
Lines) and alſo of the Angles PNB, NPB, 
AOM, and AMO. Now, by the Theory of 
theſe Planets, there is given the Ratio of their 
Diſtances from the Center of the Earth, from 
whence, and their Altitudes (obſerved exactly 
5 1 1 enough 
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476 The ELEMENTS Book III. 
enough for this Purpoſe) there are alſo given 
(by Prop. 49. B. 2.) the Ratios between the Sines 
of the Arcs LN, EP, LO, EM, and conſequently 
(by 2 Dat.) one being given all are known. From 
the Point P let the Arc P R be let fall perpen- 
dicular upon the Azimuth Circle B N produced: 
And in the right-angled ſpherical Triangle PM, 
the Side PN and Angle P NR being given, you 
may find the Sides NR, RP, and the Angle 
RP N; therefore the Angle RPE is known, 
Suppoſe (after the manner of Analyſts) the Sine 
of the Parallax LN to be the Radix of the Com- 
putation : And by the given Sines of the Arcs 
LN, NR, you may find (by what Ptolemy deli- 
vers in Cap. 9. B. I. of the Amageſt) the Sine of 
the Arc LR, their Sum. Then, in the ſpherical 
Triangle LPR right-angled at R, by the gi- 
ven Sines of the Sides LR, RP, you may find 
the Sines of the Side L and Angle LPR. 
Therefore, by the given Sines of the Angles 
LPR, and E PR (by what is demonſtrated by 
Ptolemy in the Place quoted above) you may find 
the Sine of their difference ; namely of the An- 
gle LPE. From the Point L let fall the Arc 
LT perpendicular to the Azimuth BP. 'There- 
fore in the ſpherical Triangle PLT manger 
at T, by the given Sines of the Side LP and An- 
gle LPT, you may find the Sines of the Sides 
LT, TP: Therefore the Sine of the Arc ET, 
namely the difference of the Arcs EP, TP is gi- 
ven. And laſtly in the ſpherical Triangle ETL 
right-angled at T, by the given Sines of the Sides 
LT, ET, you may find the Sine of the Side EL. 
Juſt after the ſame manner you may find the Sine 
of the Side EL, from the Sines of the Arcs 
LO, EM given, expreſſed by the before ſuppoſed 
Radix. Therefore you have given an Equation 
between the Sine of the Arc EL found * 
an 
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and the ſame Sine found a ſecond time, the Re- 


ſolution whereof will give the Value of the Root, 
or Sine of the Arc LN; from whence all the 
reſt that is ſought will become known. But if 
ſuch Places upon the Earth be choſen, as have 


the Planets paſſing by the common Azimuth of 


the Places, and that inſtant of 'Time wherein one 
of them is in the ſaid common Azimuth; this 
Conſtruction will become that particular one in 


Prop. 87. Opt. Prom. of Fames Gregory. 


LEMM A | 
HE difference of two Quantities and the Ra- 
tio between them being given, to find the 
Quantities themſelves. £ 
Let a Quantiry be taken, that is to the known 
Difference, as the greater Term of the given 
Ratio, is to the Difference of the Terms ; this 
Quantity will be the greater of the Quantities 
ſought : For in four proportional Quantities, the 
Products of the two former are in the ſame Ra- 
tio with the ſimilar Products of the two latter. 
If the greater be leſſen'd by the given Difference, 
what remains will be the leſs. 
PRoPOSITION XLIV. 


B 7 means of two Obſervations of the ſame Cor- 
poral Conjunction of two Planets, made in the 


ſame Place, to determine the Parallax of both Planets. 


Let the apparent Motion of the two Planets 
reduced to the Ecliptic, made mutually by one 
another (or to one another) in a given time, be 
obſerved near the Corporal Conjunction: And 
by the 'Theory of both Planets, known from what 


foregoes, let their Motion from one another 


mutually be determined, computed in the Eclip- 
tic, viewed from the Center of the Earth, made 
in the ſame time; which may be done cc 
enough, if the time be not too great. From Te e 
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478 Ihe ELEMENTS Book II. 
Arcs therefore given, namely, the true and ap. 
parent Motion of the Planers from one another, 
made in the ſame time, the Parallax of both is to 
be determined. | | 
Let HO | Fig. 46. ] repreſent the Horizon; 2 
the Zenith, and EC the Ecliptic : And let $Vhe 
the Arc of the Ecliptic, wherein the Planets 
(viewed from the Center of the Earth) move my. 
tually from one another in a given time, knoyn 
from their Theory; and AB the Arc of the Eclip- 
tic, whereby they ſeem to move from one ano- 
ther in the ſame time, known by Obſervation ; 
therefore their Difference is given. Thro' A and 
B imagine Circles of Latitude A D, BF draun, 
meeting the Verticals ZH, Z O, drawn thro $ 
and V in Dand F; then SA is the Parallax of the 
Longitude of the nearer Planet from the more 
remote, or the exceſs of the greater Parallax of 
Longitude above the leſs in this ſituation ; and 
VB the exceſs of the greater Parallax above the 
leſs in the other. The Ratio of the Arc AS to 
the Arc BV is compounded of the Ratios of ASto 
5 D, SD to V, and /F to B; but the Ratio of 
AS to SD is known, becauſe in the rectilineal 
Triangle ASD, right-angled at 4, the Triangle 
ASD found by Prop. 36. B. 2. is given ; the 
Ratio of SD to VF is found by Prop. 47. B. 2; 
and the Ratio of V Fro BV is found as the Ratio 
of AS to SD was before; wherefore the Ratio of AS 
to BV compounded of them is known : But the 
difference of the Arcs AS and Bis alſo known, 
that is, the ſame with the given difference of 
the Arcs AB and SV; and therefore (by Lem. 
preced.) the Arcs themſelves AS and B / will be 
given. And therefore (by 2. Dat.) SD and VF 
will be given; that is, the exceſs of the greater 
Parallax about the leſs in a given Altitude: For 
the Altitude HD or OF may be obſerved exact 
; enough 


* 
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enough for that purpoſe. And from thence the 
Exceſs of the greater Horisontal Parallax above 
the leſs (by Prop. 47. and 63. B. 2.) will alſo be 
given: But (by Prop. 35.) the Ratio between the 
Diſtances of the given Planets from the Earth at 
the Time of Obſervation is given, (for the Diſtance 
of both from the Earth is expreſs'd in the Parts 
of the mean Diſtance of the Earth from the Sun ;) 
and therefore the Ratio of the Horizontal Paral- 
laxes of the ſame Planets is alſo given, becauſe 
(by Prop. 48. B. 2.) the reciprocal of the former : 
And therefore (by Lem. preced.) the Horizontal 
Parallaxes of the Planets themſelves are alſo given. 
And from hence the Parallaxes of all the Planets 
are determin'd. For the Parallax of one of the 
Planets being given, the Parallax of all of them 
(by Prop. 49. B. 2.) are given ; becauſe (by the 
preceding Propoſition) at a given Time the Ratio 
between their Diſtances from the Center of the 
Earth is given. 
ml SCHOL IT UA 
Tho? any two Planets in any Conjunction (af 
ter the manner ſhewn in the. preced. Propoſition) 
may be uſed to determine the Parallax of both, 
nay any Planet (Mars, for Inſtance, in his A- 
chronical Situation, and neareſt to the Earth) in 
Conjunction with a Fix'd Star, whoſe Parallax is 
nothing, may ſuffice to determine its Parallax, 
(at that Time the greateſt ;) yet one of the inferior 
Planets paſſing over the Disk of the Sun, is fitteſt 
for that purpoſe ; eſpecially Venus, whoſe Paral- 
lax is very ſenſible, becauſe ſhe is then nearer 3 
and the Theory, ſo far as is neceſſary for this 
purpoſe, is accurately enough known. 
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| PRO POSITION XLV. 


| 1 + determine the greater Axis of the Orbits of the 


Planets, Excentricities, &c. in known meaſures, 

For any Time (by one of the two preced. Pro. 
or any other Method ſhewn in B. 2.) find the Pa- 
rallax of any Planet, correſponding with any 


| known apparent Altitude; and from thence the 


Ratio of the Diſtance of the Planet from the Cen. 
ter of the Earth to the Semi-diameter of the Earth 
will be given, viz. the ſame (by Prop. 46. B. 2.) 


with that which is between the Sine of the apparent 


Diſtance from the Vertex and the Sine of the Pas 
rallax. But (by Prop. 35.) the Ratio between 
the Diſtance of the Planet from the Center of the 
Earth, and the Diſtance of the ſame from the Sun 


at that known Time; and (by the preced. Prop.) 


for the ſame Time the Ratio of the Diſtance of 


the Planet from the Sun to the greater Axis of the 


Orbit, and its Excentricity, &. is given: And 
therefore, ex quo, and by (2 Dat.) the Ratio 
of thoſe right Lines to the Diameter of the Earth 
will be given, that is, all theſe Diameters of the 
Orbits will be given, expreſs'd by Diameters of 


the Earth. And ſince, by the Schol. of Prop. 17. 


B. 2. the Diameter of the Earth is found in known 
and familiar Meaſures, the aforeſaid Diameters 
of the Orbits will be given in the ſame. 

By this means the Diſtances of the Sun and Pri- 
mary Planets from the Sun at any Time propos'd, 
expreſs d by the Semi-diameters of the Earth or 


any other known Meaſures, become known. Tor 


thoſe Diſtances at that Time expreſs'd in the parts 
of the mean Diſtance of the Earth from the Sun 
are known, (by Prop. 34. and 35.) and (by this) 
the ſaid mean Diſtance of the Earth from the Sun 


may be had in known Meaſures, 
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SBCTION TRE: 


Of the Magnitude and Denſity of the Sun 


and Primary Planets. 


PrxoPOoOSITION XLVI. 
O define the Magnitude of the Sun and Pri- 
mary Planets. 

Having laid down the Theory of the Planets, 
it is very proper in this Place, to treat alſo of 
their Magnitude and Denſity, upon which con- 
junctly the Quantity of Matter in each depends ; 


eſpecially fince ſome things in their Motion and the 


dimenſion of their Orbits come to be rectified by 
this Means. . . 

Let ſome of them be 4 EC, | Fig. 47. | whoſe 
Center is P, and let O be the Eye of the Obſerver. 
Join the right Line O, along which imagine a 
Plane drawn cutting the ſpherical Body of the Sun 
or Planet in its great Circle BAC. From O draw 
right Lines O A, O B touching it, and join the 
right Line PA. The Angle AO B is the fame with 


the apparent Diameter of the ſaid Body ſeen at O, 


and is biſected by the right Line OP. Let this 
be obſerved by the Methods well known to Aſtro- 
nomers, by which means, in the Triangle 40, 
all the Angles will be known : For (by Prop. 16. 
El. z.) A is a right Angle, and 4OP is half the 
obſerv'd apparent Diameter; hence the Ratio of 
the Sides OP and AP is known: But (by Prep. 
45.) the Ratio between the Semidiameter of the 
Earth, and O P the Diſtance of the Planet is gi- 
ren; therefore ex u, the Ratio between the Se- 
midiameters and the Earth and Planet is given ; 
therefore the triplicate Ratio of this is allo given, 
namely the Ratio between the Earth and the Pla- 
net. But the Magnitude of the Earth is given by 
Schol. Prop. 17. B. 2 ; and therefore the Magni- 
tude of the Planet (by 2 Dat.) is given. V_ 
I i | 
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482 The ELEMENTS Book III. 
If thro' T and P the Centers of the Earth and 
Platet | Fig. 48. Ja Plane be drawn cutting them 
both, the common Sections of this Plane with 
thoſe Bodies will be great Circles in them. But 
if you draw the Tangents Z A, PD, and join 29, 
T'D, AP; theſe two laſt do almoſt coincide with 
Arcs deſcribed from the Centers T and P, and at 
the diſtance TP; and conſequently they are in 
the ſame Ratio with the Angles TPD, PT 4 
that they ſubtend, the latter whereof is the 
apparent Semidiameter of the Planet, and the for- 
mer its Horizontal Parallax : And therefore reci- 
procally the Diameter of the Planet is to the 
Diameter of the Earth, as the apparent Semidia- 
meter of the Planet to its Horizontal Parallax, 
But the three latter Terms of this Proportion 
are given ; and therefore the firſt, namely the 
Diameter of the Planet. 
 SCHOLIUM. 

By the aforeſaid Method, the Magnitudes of the 
Sun and all the Planets, excepting. the Earth, may 
be accurately compar'd together. For their Dia- 
meters are in a Ratio compounded of the Ratio 
of the Diſtances, and of the Ratio of the Sines of 
the Semi- angles under which they appear, that is, 
almoſt, of the apparent Diameters: But the Ratio 
of the Diſtances found by Prop. 3 5. is the ſame with 
the true Diſtances by Prop. 41. ; and the Ratio of 
the apparent Diameters is certain by obſervation. 
But the compariſon of the Magnitudes of thoſe 
Bodies with the Magnitude of the Earth depends 
upon the Parallax of ſome Planet. If this be not 
accurately given, the ſaid compariſon can't be 
made accurately. We have already given the beſt 
Methods of finding it in their proper Places : But 
the laſt, which you Have in Prop. 44. ſeems moſt fit 


for uſe, if it be applied to Venus ſeen in thedf{c | 


of the Sun ; which has not been yet done, nor * 
| 6 
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de done till the Year 1761, (which will be the ſe- 
cond time of Venus being to be ſeen by us in the 
Sun.) If in the mean while the Diameter of the 
Earth ſeen from the Sun be made a Mean between 
the Diameters of the five others ſeen from the 
ſame, (which *tis very probable is not far from the 
truth, and beſides agrees very nearly with the Pa- 

rallax of the Sun determined by an Obſervation 

of Mercury ſeen in the Sun, and other Obſervati- 
ons made other Ways, ) the Magnitudes of all the 
Planets and Sun will come out near enough to their 
true Magnitudes, and ſuch as are to be taken for 
the true, 'till ſomething more certain be ſettled 
about the Parallax of the Sun by Obſervations. 


PRoPOSITION XLVII. Lemma 


O find the Ratio of the Diſtance of a given Se« 

T condary Planet from its Primary one to the 
Diſtance of the given Primary one from the Sun. 

Let Srepreſent the Sun; Fig. 49. ]T the Earth; 
P any Planet, whoſe Satellite is A. At T obſerve 
its greateſt Elongation from P, viz. the Angle 
ATP. Then in the Triangle PAT right-angled at 
4,the Angle T being given, the Ratio of the Side 
AP to PT will be given: And by Prop. 35. the 
Ratio of PT toT Sis given: And the Ratio of 
TS to the Diſtance of any other Planet from the 
Sun is alſo known, and therefore the Ratio be- 
tween the Diſtance of the given Satellites from 
its Primary Planet, and the Diſtance of any Pri- 
mary one from the Sun will not be unknown. 

But if the Satellite propoſed be our Moon, the 
Problem can be ſolved no otherwiſe than by find- 
ing the Diſtance of the Sun from the Earth, by 
one of the Methods above, (or ſome like it) and 
the Diſtance of the Moon from the ſame (by the 
lame, or ſome other already delivered or hereafter 
to be delivered in Book 4*Þ.) 
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O find the Ratio of the Quantity of Matter in to 

the Sun to the Quantity of Matter in à given the pe 
Primary Planet, about which a Satellite revolves. net P, 
Let & be the Sun; | Fig. 50. P the Primary I net I. 
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Planet given, about. which its Attendant A re. 
volves ; and let be any other of the Primaries 
taken at pleaſure: Make P B equal to SP, and 
imagine any Body placed at B; and (by Prop. 49. 
B. 1.) the Quantity of Matter in & to the Quan- 
tity of Matter in P, will be as the accelerate Gr. 
vity of the Body towards S to the accelerate 
Gravity of the Body B towards P. And the Ratio 
of the accelerate Gravity of the Body towards d 
to the accelerate Gravity of the Body B towards 
P, is compounded of the Ratio of the accelerate 
Gravity of the Body V towards S, to the accele- 
rate Gravity of the Body A towards P; and of the 
Ratio of the accelerate. Gravity of the Body 4 
towards P, to the accelerate Gravity of the Bo- 


dy B towards the ſame P. But (by Prop. 26. Hen 
B. 1.) the accelerate Gravity of the Body / to- the thre 
wards S, is to the accelerate Gravity of the Bo- . b. 
dy A towards P in a Ratio compounded of the Matter 
Ratio of the right Line SV to the right Line Pa Matter 
and of the duplicate Ratio of the periodic Time 

of the Satellite A about P, to the periodic Time After 

of the Primary Planet Vabout the Sun; and the ac- of the 
cclerate Gravity of the Body A towards the Planet the Sun 
P is to the accelerate Gravity of the Body B to- cies of 
wards the ſame, in the duplicate Ratio of the riglit Ratio 0 
Line PB (or its equal SV) to the right Line 4 the Gra 
And therefore the accelerate Gravity of the Body of the 
towards & is to the accelerate Gravity of tie dun, kn 
Body B towards P; that is (as was ſhewn above) - of G 
the Quantity of Matter in & is to the Quantity 0! hn In . 
3. 1 


Matter in P, in a Ratio compounded of the thre? 


follows Cravity 


ok III. 


latter in 
A given 
vol ves. 
Primary 
at A re. 
Primaries 
TS}, and 
Prop. 4g. 
1e (Quan- 
rate Gra- 
ccelerate 
he Ratio 
Owards & 
} towards 
Ccelerate 
e accele- 
ad of the 
Body 4 
the Bo- 
Prop. 26. 
dy V to- 
the Bo- 
d of the 
Line PA 
dic Time 
dic Time 
nd the ac- 
he Planet 
ody to- 
the right 
Line PA 
the Body 
ty of the 
n above) 
uantity ol 
the three 
follows 


* 
2 


Book III. of AS TRONOMVY. 485 


ollowing ones ; viz. the Ratio of the right Line 


to the right Line PA, the duplicate Ratio of 
the periodic Time of the Satellite 4 about the Pla- 
net P, to the periodic Time of the Primary Pla- 


net // about the Sun, and the duplicate Ratio of 
the right Line to the right Line PA. But the 
frſt and laſt compounding Ratio make the tripli- 
cate Ratio of the right Line SV to PA: From 
whence the Quantity of Matter in Sis to the Quan- 
tity of Matter in P in a Ratio compounded of the 
triplicate Ratio of SV to P and the duplicate 
Ratio of the periodic Time of the Satellite A about 
Pto the periodic Time of the Primary Planet V 
about the Sun. But both the compounding Ratios 
are given ; namely the Ratio of SV to PA, by the 
Lemma premiſed, and the periodic Times them- 
ſelves by Obſervation : Therefore the Ratio com- 
pounded of them will not be unknown ; namely 
the Ratio of the Quantity of Matter in the Sun to 
the-Quantity of Matter in the Primary Planet in P. 

Hence the Ratio of the Quantity of Matter in 


the three Planets that have Satellites may be found; 


viz, by finding the Ratio of the Quantity of 
Matter in every one of them to the Quantity of 
Matter in the Sun. 
VVV 
After the ſame manner you may find the Ratio 
of the accelerate Gravity in the Superficies of 
the Sun to the accelerate Gravity in the Super- 
cies of any Planet that has a Satellite. For the 
Ratio of Gravity in the Surface of the Sun, to 
the Gravity in V vix. the duplicate of the Ratio 
ok the Diſtance SV, to the Semidiameter of the 
dun, known from what goes before, and the Ra- 
tio of Gravity in V towards the Sun to the Gra- 
Vity in A towards the Planet, found as above, are 
Md ; as alſo the Ratio of Gravity in A to the 
Gravity in the Superficies of the Planct P, the 
11 3 dupli- 
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duplicate of the known Ratio that the Semidla- 
meter of the Planet has to the Diſtance of the Sa. 
tellite from the Primary one. Now it is evident, 
that the Ratio compounded of theſe three knoun 
| Ratios, is the ſame with the Ratio of Gravity in 
the Superficies of the Sun to the Gravity in the 
Surface of the Planet P. And from hence again, 
ex aquo, the Ratio of Gravity in the Superficies 
of one Planet to the Gravity in the Superficies 
of the other Planer, if both have Satellites, wil 
be determined. 33 8 


Proportion XLIX. 


JO find the Ratio of the Denſity of the Sun t 
T the Denſity of any Primary Hanuet, abut 
eohich a Satellite revolves. 

| If there be two Bodies A and B of the ſame mag- 
nitude, 'tis evident the Quantity of Matter in 4 
is to the Quantity of Matter in B. as the denſity 
of A is to the denſity of B: And if they be of the 
ſame Denſity, the Quantity of Matter in. A is to 
the Quantity of Matter in B, as the Magnitude of 
the Body A to the Magnitude of the Body B: 
And therefore, if neither the Magnitudes no! 
Denſities are equal, the Ratio of the Quantity of 
Matter in A, to the Quantity of Matter in B, is 
compounded of the direct Ratio of the Denſities 
and the direct Ratio of the Magnitudes of them. 
Wherefore the Ratio of the Denſity of the Body 4 
to the Denſity of the Body B, is compoundedot 
the Ratio of the Quantity.of Matter in to the 
Quantity of Matter in B, and the Ratio of the 
Magnitude of the Body B to the Magnitude ot 
the Body A; that is, (inthe preſent Caſe) the Den- 
ſity of the Sun is to the Denſity. of a Planet in a 
Ratio compounded of the Ratio of the Quantity ot 
Matter in the Sun to the Quantity of Matter in the 
faid Planet, and the Ratio of the —_— of 
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Planet to the Magnitude of the Sun. But (by 
Prop. prec.)the former of the compounding Ratios 


is given, if the Planet have a Satellite, and (by Prop. 
46.) the latter is given; therefore the Ratio com- 
pounded of them is given, namely of the Denſity 
of the Sun to the Denſity of the Planet. 

| COROLLART. 

From hence, e quo, the Ratio of the Denſi- 
ties of three of the Primary Planets is had, name- 
ly Saturn, Jupiter and the Earth. The Denſities 
of the three others may-be analogically derived 
from hence. No doubt the Divine Being, the 
Wiſe Creator of the World, has placed the Pla- 
nets at different Diſtances from the Sun, that each 
of them may enjoy a greater or leſs degree of the 
Sun's Heat, according to the Degree of its Den- 
ſity: For denſer Matter requires a greater Heat to 
perform its natural Operations withal. But with- 
out doubt, ſome reſpect is had to the Magnitude 
of the Planet, fince of like Bodies the leſſer, 
ceteris paribus, are heated ſtronger and more in- 
timately ; becauſe in reſpect of their Bulk, they 
have a greater Superficies, and conſequently re- 
ceive more Rays. IK 


PrRoPosITION L. 


No correct the greater Axes of the Orbits of 
the Planets found before. © 


In Propoſition 24, the greater Axes of the 


Orbits are taken in the ſubſeſquiplicate Ratio of 
the periodic Times ; that is, the Maſſes of the 
Planets are not concluded, before they are de- 
termined, and the Planets” are looked upon as 
Points revolving in Ellipſes about the Center of 
the Sun at reſt and placed in the Focus. But 
becauſe the Actions of the Sun and Planet 
are mutual, and a Planet is made by them to de- 


icribe an Ellipſe (by Prop. 58. B. 1.) whoſe 
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Focus is the common Center of Gravity of its ſelf 
and the Sun, ſimilar to that which it would de- 
ſcribe (by Prop. 5 1. B. 1.) attracted by the ſame 
Forces, about the Sun at reſt; and (by Prop. 54. 
B. 1.) the greater Axis of the Ellipſe that any 
Planet deſcribes about the Sun, revolving at the 
ſame time about the common Center of Gravity, 
is ſhown to be to the greater Axis of the Ellipſe, 
that the ſame Planet would deſcribe about the 
Sun at reſt in the ſame periodic Time, in the ſub- 
triplicate Ratio of the Sum of the Maſſes of the 
Sun and Planet to the Maſs of the Sun, there- 
fore the greater Axis of the Orbit of each Planet 
(found by Prop. 24.) is to be increaſed in the ſaid 
ſubtriplicate Ratio of the Sums of the Maſſes ofthe 
Sun and Planet to the Maſs of the Sun, that it 
may be correct. But (by Prop. 48.) the Ratios be- 
tween the Maſſes of the Sun and Planets are gj- 
ven, and therefore the Ratio is given, wherein the 
greater Axes (found by Prop. 24.) of the Orbits 
are to be increaſed, that they may be correct. 


PRNO POSITION LI. 


O eftimate the Errors of the Motion of the 
| Planets about the Sun, ariſing from their 
Action upon one another. | 
If S repreſent the Sun, | Fig. 51. |ABCE and DB 
the Orbits cf two of the Planets ; *tis evident that 
while tne Planet nearer to the Sun is in A, and the 
more remote one in D, (namely when the Planets 
are tending towards an Heliocentric Conjunction,) 
the nearer one to the Sunwill bea little accelerated 
and that more diſtant retarded by the Attraction, 
upon one another; and when after the Conjunction 
they are arrived to ſuch a fituation as C and D 
is, the more diſtant one is accelerated, and the 


nearer. is retarded ; and near the Heliocentric 


Conjunction the Diſtance of the more remote 
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Planet from the Sun is leſſen'd, and the Diſtance 
of the nearer one is increas'd. And ſince the Maſſes 
of the Sun and both the Planets (by Prop 48.) are 
given, and the mutual Diſtances from the ſuperior 
ones are alſo given, and that (by the preced. Prop.) 
correctly; the Ratio of the Attraction of each 
towards the Sun to the Attraction towards the 
other, will be given, and conſequently the Ratio 
of the Error ariſing from the mutual Attraction 


o the effect of that Force, whereby each is re- 


tain'd in its proper Orbit about the Sun. 

But if all the Error is to be thrown upon the 
planet that is more remote from the Sun, the Or- 
bit of the nearer remaining, this will be done al- 
moſt (by Prop. 58. B. 1.) by placing the Focus of 
the exterior Orbit in the common Center of Gra- 
vity of the Sun and of the interior one. 

Theſe Errors are moſt ſenſible in Jupiter and Sa- 
turn, becauſe of the vaſt Maſſes of thoſe Planets. 

$GHO4 410A 

Thereare alſo ſome Inequalities ariſing from the 


mutual Action of the primary Planets and their Sa- 


tellites: For (by Prop. 62. B. 1.) tis not the Center 
of the primary Planet, but the Center of Gravity 
of the Primary and the Satellites, that deſcribes 
the Elliptie Orbit about the Sun. But becauſe 
theſe Things depend upon the Quantities of Mat- 


ter in theſe Secondaries, the Method of determi- 


ning which properly belongs to the following 
Book, we ſhall at preſent ſay nothing of them. 
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e VIII. : 
Of the Figure of the Sun and Planets. 


PrzoPosITloN III. 


f O determine the Figure of the Earth ; that is, 
the Ratio that its Axis bas to the Diameters 


that are perpendicular to them. In 
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In the firſt Book, at Prop. 31, was ſhew'd in 
general, from the proper Cauſes, that the Sun 
and Planets are of a Figure depreſs'd towards the 
Poles, but elevated towards the Circle, that lies 
exactly between the Poles, approaching that of an 
oblate Spheroid. Now we come to determine 
this Figure by Obſervations. And firſt the Figure 
of the Earth is to bedefin'd. | | 
Let the Figure APE p, | Fig. 52. ] whoſe Center 


is C, repreſent the Earth; Pp its Axis, AE any 


Diameter of the Equator, perpendicular to the 
Axis. Let the Lengths of Pendulums oſcillating 
in a Cycloid, in a given ſpace of Time, in the 
Places 4 and P be meaſur d; and AC, PC will 
be reciprocally as the ſaid Lengths of the Pendu- 
lums, and therefore in a known Ratio. Let the 
fame be dor in any intermediate Place B, whoſe 
Latitude (v7/z. the Angle ACB) is known, (by 
Prop. 18. B. 2.) and AC, BC will be reciprocally 
as the Lengths of the Pendulums oſcillating in an 
equal ſpace of Time in thoſe Places A and B, and 
therefore in a given Ratio. 

For imagine a Canal filPd with a Fluid, and bent 
from A to C, and from thence to P. From the 
Fluid's being at reſt, tis evident that the Fluid 
in the Leg of the Canal AC is in equilibrio with 
the Fluid in the Leg PC, the Centrifugal Force 
ariſing from the Motion about the Earth's Axis, 
and the greater Diſtance from the Earth's Center 
raiſing and retaining the Fluid in the Leg C4, at 
a greater height than in the Leg CP. Wherefore 
any Portion of the Fluid in CA, is in equilibrio 
(or equally heavy) with the like ſimilarly poſited 
Portion of the Fluid in the Leg CP, (which 
conſequently is alſo true of any homogeneous Bo- 
dies, tho' they be not Fluid ;) and the upper Points 
A and P are ſimilarly poſited in the Legs: And 
therefore homogeneous Bod ies plac'd in A and 
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which are as AC, PC, are equiponderant towards 
the Center of the Earth. But the Gravity of a 
Body plac'd in 4, which is as PC is to the Gra- 
vity of another homogeneous Body ſtanding there, 
which is, as AC, is as PC to AC, (namely the 
Weights of homogeneous Bodies plac'd near one 


| another are as the Bodies themſelves; ) and there- 


fore the Gravities of homogeneous. equal Bodies 
plac'd in A and P are as P Cand AC; that is, re- 
ciprocally as the Diſtances from the Center. Juſt 
afcer the ſame manner the Gravity of the Body 
in B may beſhewn to be to the Gravity of an equal 
and homogeneous Body in P, as CP to CB; for 
the Fluid will continue at reſt in the Canal BCP, 
as in the former AC P. Wherefore ex equo, the 
abſolute Gravities of equal and homogeneous Bo- 
dies plac'd any where on the Surface of the Earth 


are reciprocally as the Diſtances from the Center. 


But the accelerate Gravity of a Body is as its abſo- 
Jute Gravity applied to its Maſs. And therefore 
the accelerate Gravities of Bodies -plac'd on the 
Surface of the Earth are as the Diſtances of the 


Places from the Center reciprocally: Moreover, 


becauſe the Oſcillation of a pendulous Body plac'd 
at 4, and mov'd in a Cycloid, is ſuppoſed (by 
Obſervation) to be perform'd in the re ſpace 
of Time with the Oſcillation of another at P; 
and (by Prop. 25. Part 2. of Hugenius's Horolo- 


_ giumOſcillatoriumYthe Time of a Pendulum's free 


deſcent along a given Axis of a Cycloid has a gi- 
ven Ratio to the Time of Oſcillation in that Cy- 
cloid; and (by Prop. 6. and 7. Part 3, of the ſaid 
Book) the Axis of the Cycloid, which a heavy 
Pendulum deſcribes, has a given Ratio to the 
length of the String ſuſpending the Weight ; and 
conſequently the 'Time of a free Deſcent along 
the given Axis of the Cycloid, has alſo a given 
Ratio to the Time of a free Deſcent along the 
TW ; length 
, tots ol 
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length of the String, namely, the ſubduplicate 
Ratio of the former: The Time of a free Deſcent 
along the length of a Pendulum plac'd at 4, will 
be equal to the Time of a free Deſcent along the 
length of a Pendulum plac'd at P. But the ſpaces 
at A and P run in equal Times by a falling Body, 
are as the accelerate Gravities in the {aid Places A 
and P, viz. the Effects are as their Cauſes ; and 
the faid accelerate Gravities have already been 
ſhewn to be reciprocally as the Diſtances from 
the Center; and therefore the length of a Pen- 
dulum oſcillating at 4, is to the length of a Pen- 
dulum oſcillating at P in an equal ſpace of Time 
as CP to CA. And after the ſame manner ma 
it be ſhewn, that the length of a Pendulum at B 
is to the length of a Pendulum at, P oſcillating in 
an equal ſpace of Time, as CP to CB: Where- 
fore, ex £919, univerſally the lengths of Pendu- 
lums oſcillating in equal Times are reciprocally as 
the Diſtances of the Places from the Center of the 
Earth. Since therefore the Ratio of AC to any 
BC, and the Inclination of the ſaid BC to AC, 
and (among the reſt) the Ratio of AC to PC, are 
found; the Nature of the Figure A PEp is de- 
fin' d, namely, of the Section of the Earth with 


the Plane of the Meridian, by whoſe Rotation a- 


bout the Axis Pp, the Figure of the Earth is ge- 
nerated. - & E. F. | | 

If the Figure of the Earth were tobe determin'd 
after the manner above deſcrib'd, there would be 
no need of meaſuring the length of a Pendulum 


oſcillating at the Pole P, in a given ſpace of 


Time : For by obſerving ſeveral ſuch lengths in 
different Latitudes, the length of a Pendulum 
ofcillating at the Pole in the ſaid ſpace of Time, 
may ſafely be concluded upon. 


Again, in folving this Problem, there will be 


no need of fitting a Pendulum after ſuch a manner 
| in 


# 
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in different Places, as to make it perform its Oſ- 


cillations in the ſame ſpace of 'Time : It will be 
{ſufficient to carry into the other Places a Pendu- 
Jum fitted to one Place, ſo as that its ſeveral ſin- 
gle Oſcillations may anſwer a given ſpace of 
Time, and mark how much a Clock, that has the 
ſaid Pendulum for its Balance, is ſwifter or ſlower 
during one apparent Revolution of a Fix'd Star to 
the ſame Place, according as the Places, into 
which it is carried, are nearer the Equator or 
Pole, than that Place is to which the Movement 
is adjuſted, and from that Acceleration or Retar- 
dation it may be found by Calculation, what 
length is neceſſary to make the ſingle Oſcillations 
to be perform'd in the ſame ſpace of Time, as they 
are in the Place to which the Pendulum was fir 
adjuſted, | | | 
COROLL 9 
Hence it follows, (the ſam 3 remaining) 
jf a Circle be deſcrib'd with the ' val CA or CE 
Fig. 53. ] and the Line CB drawn any how be 
produc'd to D, and that DB is as the Increment 
of the accelerative Gravity in the receſs from the 
Equator towards either Pole, or as the Increment 
above the length of the Pendulum oſcillating at 
the Equator in the given Time, agreeable to the 
Place B. For it has been ſhewn above, that if 
AC repreſents the Gravity or length of a Pendu- 
lum at the Pole, CP will repreſent the Increment 
of the Gravity or length of a Pendulum ofcilla- 
ting in an equal Time at the Equator ; and there- 
fore (producing Pp to F and &) PF will repre- 
ſent the Increment of the Gravity or of the length 


of the ſaid Pendulum at the Pole P. In like 


manner, if CB repreſents the Gravity or length 
of the Pendulum at A, AC (that is, DC) will 
expreſs the Gravity or length of the Pendulum at 
B ; and conſequently DB the Exceſs or CA 
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494 The ELEMENTS Booklll 
of the Gravity or length of the Pendulum at B, 
above the Gravity or length of the Pendulum 

oſcillating in the ſame Time at A. 1 

If APE p, the Section of the Earth with the 
Plane of the Meridian be an Ellipſe, the Incre- 
ments of the Gravity or of the length of the Pen- 
dulum in the different Places of the Surface of the 
Earth, above the Gravities or length of the Pen- 
dulum at the Equator, will be very nearly in the 
duplicate Ratio of the right Sines of the Lati- 
tudes of thoſe Places. Thro' D draw DM pa- 
rallel to the Axis Pp, meeting the Ellipſe in L, 
and the right Line AE in the Point M, from whence 
let fall the perpendicular MK upon CD; take DA 
equal to PF, whereof CH is equal to CP, and 

join LH. Becauſe APE is an Ellipſe, (by Prop. 
31. B. 1. El. Conic.) CP94 is to ML a as the Rect- 
angle under AC and CE is to the Rectangle un- 
der AM and ME: And, by the ſame, in the 
Circle AFE, CF4 is to MD1 as the Rectangle 
under AC and CE tothe Rectangle under AM and 
ME;and therefore C F4 will be to MDA as CPA to 
M L434. Wherefore C Fis to MDas CP to MI; and 
therefore (by Prop. 19. El. 5.) PFis to LDas CPto 
LM; that is, HD is to LD as CH to MI; and 
therefore (by Prop. 2. El. 6.) L H is parallel to CM; 
and conſequently the Triangle LD H is ſimilar to 
the Triangle MDC, and ſimilarly poſited. But 
from the right Angle M of the Triangle CMD 
the right Line MX is drawn perpendicular to the 
Hypothenuſe DC, which alſo is very nearly done 
in the Triangle IL D, the Particle LB of the 
Curve of the Ellipſe being almoſt a right Line 
and perpendicular to CD, becauſe the Ellipſe 
APEp does not differ much from the Circle 
FE G. Wherefore CD is ſimilarly divided in 
K, as HD is divided in B; that is, HD is to 
DB as CD to DR, or PF to BD as CD to DK. 
EA Again, 
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Again, becaule of the right-angled Triangle CMD 


111 


divided by the right Line MK perpendicular to 
CD, (by Prop. 8. El. 6.) CD, DM, DX will be 


proportional, or the Ratio of CD to DX will be 


the duplicate of the Ratio of CD to DMH; that is, 
of the Ratio of CF to MD. But it has already been 
ſhewn, that PF is to BD as CD to DK; and 
therefore PF is to BD in the duplicate Ratio of 
CFto MD: But CF is the whole Sine; and MD 
the right Sine of the Angle ACB, namely of the 
Latitude of the place B; and PF, BD, are the 
Increments of the Gravity or length of the Pen- 
dulum oſcillating in the given Time, agreeable to 
the places P and B, above the Gravity or length 
of the Pendulum at the Equator: And therefore 
ſuppoſing APEp an Ellipſe, the Increment of the 
Gravity or length of the Pendulum ar the Pole, a- 
bove the Gravity or length of the Pendulum at the 
Equator, is to the like Increment in any other place 
B of the Surface of the Earth, very nearly in the 


duplicate Ratio of the Radius to the right Sine of | 


the Latitude of the ſaid place B. And the ſame 
may be ſhewn in any other place on the Surface 


of the Earth: And therefore, e quo, if APEp | 


be an Ellipſe, the Increments of the Gravity or of 


the length of the Pendulum in different places of 


the Surface of the Earth, above the Gravity or 
length of a Pendulum oſcillating the like Time at 
the Equator, in the duplicate Ratio of the right 


Sines of the Latitudes of thoſe places very nearly. 


SCHOLIU M. 

All theſe Premiſes are true, ſuppoſing the Earth 
to conſiſt of uniform and equally denſe Matter. 
For we ſuppoſe the Fluid, wherewith the Canals 
ACP, BCP are filPd, to be uniform and homo- 
geneous. But if the Matter whereof the Earth 
conſiſts, be denſer at the Center than towards the 


Surface, the above-mention'd Increments of the 
| | di- 
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496 The ELEMENTS Book III. 
diſtances from the Center going from the Poles 
towards the Equator, and the proportional Incre- 


ments of Gravity, and of the length of the Pen- 


dulum oſcillating in the given Time going from 
the Equator towards the Poles, will be greater than 


the Calculus upon the former ſuppoſition makes 


them; and the Axis of the Earth will be leſs in 
reſpect of the Diameters perpendicular to the ſame. 
For if this Matter towards the Center, by which 
the Earth is denſer there, be imagin'd to be re- 
mov'd, or rather be look'd upon ſeparately, that 
the remaining Matter may be every where equal- 
ly denſe; from what precedes *tis evident, that 
the accelerate Gravity in different places of the 
Surface of this equally denſe Earth, is reciprocally 
proportional to the Diſtance from the Center. 
But the ſaid accelerate Gravity is ſtill increaſed, 
by reaſon of that redundant Matter about the Cen- 
ter; and that (as is ſhewn in Book 1.) nearly in the 
duplicate reciprocal Ratio of the Diſtance from 
the Center: Since therefore inthe Caſe of the uni- 
formly denſeEarth itsSuperficies is elevated towards 
the Equator and depreſs'd towards the Poles; and 
the Gravity at the Equator leſs than at the Pole 
in the Ratio of the Diſtance of the Pole from the 
Center to the Serni-diameter of the Equator ; and 
further, the Gravity at the Equator to the aforeſaid 
redundant Matter about the Center is leſs than 
at the Pole, in a duplicate Ratio of the Diſtance 
of the Pole trom the Center to the Semi-diameter 
of the Equator, which is leſs than the former ſim- 
ple Ratio, fince that Ratio is a Ratio of leſſer 
Inequality: And therefore from both Cauſes toge- 
ther, or in the Caſe of the Earth's being denſer to- 
wards the Center, the Gravity at the Center com- 
pounded of the two former, is leſs than the Gravity 


at the Pole in a Ratio leſs than that is which the 
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Diſtahce of the Pole from the Center has to the 
Semi-diameter of the Equator. And therefore 
from this leſſer Gravity at the Equator in reſpect 
of that which holds at the Poles, the Earth will be 
more elevated at the Equator, than what it would 
be from what foregoes. And the ſame holds in 
the length of the Pendulum oſcillating in a given 
ſpace of Time; becauſe it is ſhewn above to be 
proportional to the accelerate Gravity. 


PrxoPosSITLION LIII. 


O determine the Ratio that the Axis of the 
Sunn, or of a given Planet, has to the Dia- 
meters perpendicular to it. . 

Find by Prop. 26. B. I. the Ratio of the centri- 
fugal Force in the Circle that is in the middle be- 
tween the Poles of the Sun or of the given Planet 
to the centrifugal Force in the Equator of the 
Earth: But the Ratio between the centrifugal 
Force in the Equator of the Earth to the Gravity 
on the Surface of the Earth is given, 972. the 
{ame with the Ratio found above, that the exceſs 
of the Diameter of the Earth along the Equator 
has to the Axis of the ſame ; and by Schol. Prop. 48. 
the Ratio of the Gravity on the Surface of the 
Earth to the Gravity on the Surface of the Sun or 
of the given Planet is given: And therefore the 


Ratio compounded of theſe will be given, namely 


the Ratio that the centrifugal Force in the middle 
Circle, between the Poles of the Sun or of the- 
given Planet, has to the Gravity on the Surface 
of the ſame. And this is the ſame with that which 
the exceſs of the Diameter of the Equator of the 
Sun or of the given Planet above the Axis of the 
lame has to the ſaid Axis, ſince (by preced. Prop.) 
that exceſs ariſes only from that centrifugal Force, 
and conſequently is — to it: Therefore 
KK 
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(by. 6. Dat.) the Ratio between the Axis of the 


Sum or of a given Planet and its Diameter perpen- 0 
dicular to the Axis will be given. 0 
ieee . 4 | 1 0 
SECTION Ih. _ : 

| | ' 

Of the Diſtances of the Fix'd Stars. — 

| EY Tj 
PrxoPoOsITION LIV. the 

Ho determine the Diſtance of a Fix d Star by gr. 
Obſer vation. 8 boy 
Having determin'd the Diſtance and Magni- = 
tude of the Sun and primary Planets, what re- 4 | 
mains is only to diſcourſe a little of the Diſtance ha 
of the Fix'd Stars. And tho* the Diſtance of the E 5 
Fix'd Stars be ſo immenſely great in compariſon . 
of the Diameter of the Earth, that the latter en- I 
tirely vaniſhes and becomes inſenſible; and there- Fix: 
fore all the Ways laid down in this and the pre- Ale: 
ceding Book for finding the Parallax of any Phæ- vx 

nomenon, and conſequently the Diſtance, are P 

uſeleſs in this Matter : Yet the Diameter of the B 
Orbit that the Earth deſcribes in the ſpace of a a 
'Year about the Sun, may ſeem big enough to be gs 
compar'd even with the Diſtance of the Fix'd a 
Stars; and ſince we, who are carried on the 1 
Earth, poſſeſs ſometimes this, ſometimes that Ex- think 
tremity of a Diameter of the ſaid Orbit, there 1 
ought to ariſe a very ſenſible Parallax of the Fix d Paral 
Stars from ſo ſenſible a removal of the Obſerver. Mag 
Now, the Obſervation may be made very com- Moti 
modiouſly, after the following, or ſome ſuch like oo 
Method. | d 
Let & Fig. 54.] repreſent the Sun, and AMB fits 


the Orbis Maguus. Chuſe two Stars CandFnear Th. 
* 1 | Stars! 
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one another, ſituated not far from the Ecliptic- 


Obſerve their Diſtance, when one, as C, is in 
oppoſition to the Sun, viz. the Angle FAC. 


Obſerve their Diſtance again, when C is in Con- 


junction with the Sun, namely the Angle FBC. 
Then in the Triangle FAB all the Angles being 
given, the Ratio of the fides is given, viz. of FA 
the Diſtance of the Fix'd Star from A to AB the 
Diameter of the Orbis Magnus known by Prop. 45. 
therefore AF isdetermin'd. After the like manner 
the Diſtance of a Fix'd Star may be found, if a ſe- 


cond Obſervation of the apparent Diſtance of the 


Fix'd Star be made, when C is not in Conjunction 
with the Sun, (which perhaps would be difficult, by 
reaſon of the Sun's brightneſs,) but in any other 
known ſituation of the Earth, as when it is in M. 
For the right Line A M, and its Ratio to the known 
one AB, is known by the above cited Prop. 45. 
Having once determin'd the Diſtance of a 
Fix'd Star, its Magnitude will be defin'd by the 
Method laid down in Prop. 46. provided the ap- 
parent Diameter of the Fix*d Star be ſenſible. 
H, 4:4, 4. 
Becauſe the Obſervations deſcrib'd above, or 


others like them neceſſary to determine the Di- 


ſtance of the Fix d Stars, are ſo ſlippery, and re- 
quire ſo much nicety, that Artiſts dare not pro- 


miſe they ſhall obtain it by thoſe means; yet they 
_ think they have done ſomething very conſiderable, 


if they can ſhow by Obſervation that there is a 
Parallax of the Fix'd Stars in reſpect to the Orbis 
Magnus : For by this means they could put the 
Motion: of the Earth out of all doubt, which all 
acknowledge to be a Matter worth their while to 
do. But this may be done pretty well by the 
following Method. | 25 
The other Things remaining, let the two Fix d 
Stars Fand C| Fig. 55. be ſuppoſed not to be near 
| K k 2 the 
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the Ecliptic. Let a Plane drawn thro* them and 
the Sun cut the Orbit of the Earth in 4 and B, 
which Points will be given exactly enough for the 
purpoſe, by what has been faid in the preced. 
Book. Let the Angles CAF, CBF (or the apparent 
Diſtances of the. Fix'd Stars F and C, ſeen from 
the Earth, whenſhe was in A and B,) be obſerv'd, 
which will be remarkably enough different from 


one another, if 4 B be ſenſible in regard of A4, 


and the Stars C and F very unequally diſtant from 
the Sun, which feems probable to hold in Stars of 
a different Magnitude. Perhaps if inſtead of the 
two Stars C and F, two, fuch as C and D, be ob- 
ſerv'd, D will be ſeen from A to be on this ſide of 
C, from B on that ſide, (which may happen in 
ſo great a Multitude of Fix'd Stars) or it may 
be, thefe two Stars will appear to coincide at one 
Time of the Lear, and to be ſenſibly diſtant from 


one another at another Time of the Year: In 
which Caſe the annual Motion of the Earth about 


the Sun will be evident by the bare uſe of a Tele- 
ſcope, without any Inſtrument neceſſary to take 
the Diſtance of the Stars. | 

The above-mention'd Method of obſerving, be- 
ſides that it is capable of receiving all the Improve- 


ment that any Inſtruments have or will receive, 


is hardly wy ways Chargable, ſince there needs 
only a Teleſcope with a Micrometer; there is no 
need of erecting an Obſervatory nor of rectifying 
a Perpendicular, all which are very uncertain, ſince 
it is not abſplutely certain that either Walls tho' 
the firmeſt, or Rocks or Mountains themſelves 
always retain the ſame ſituation. To this Head 
we may refer perhaps what that celebrated Aſtro- 
nomer Mr. Caſſini has diſcover'd about the Fix d 
Stars; namely that the Firſt of Aries ſometimes 
appears ſplit into two equal ones, and diſtant by 


the length of the Diameter of either from one ano- 
= . | . 
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ther, which he has alſo obſerv'd of the preceding 


Head of Gemini; and ſome others, as ſome of 


the Pleiades, and the middle in Orion's Belt, ap- 


pear to be three, nay, four ſometimes. 


PRO POSITION LY. 


1 obſerve the Parallax of the Orbis Magnus, 
by the acceſs and receſs of a Fix'd Star to or 
from the Pole of the Equator made in different Sea- 


ons of the Tear. | Fig. 56.] 


Let & repreſent the Sun; HME the Orbit of 
the Earth, whoſe Points E and H are the Places 
of the Earth in the Solſtices. Further, let F be a 
Fix'd Star near the Pole of the World, that is, let 
AB the Axis of the Earth AT B contain a pretty 
ſmall Angle B HF or BE F, with a right Line 


connecting the Earth and the Fix*d Star; and let 
this Star be not far from a Solſticial Colure, and 
therefore in Conjunction almoſt with the Sun in 
the other Solſtice, or let the Plane EFH be 
perpendicular to H ME the Plane of the Ecliptic: 
"Tis evident that the Angle BH the Diſtance of 
the Fix*d Star from the Pole of the World, when 
the Star is in Oppoſition to the Sun, is leſs than 
the Angle BE F the Diſtance of the ſame ſrom 
the Pole, when the Fix'd Star is in Conjunction 
with the Sun. And converſely, if the Angle BHP 
be found leſs by Obſervation than BEF, this Ine- 
pulley muſt be thrown upon the Parallax of the 

nnual Orbit. And the Diſtance of the Fix'd 


Star is gain'd after this manner: The Difference 


ofthe Angles BER, BH is equal to the Angle 
EH; and in the Triangle F H the other Angle 
FE His given, namely the Latitude of the Fix d 
Star at the Time when the Earth is at E. From 
whence the Ratio between HE the Diameter of 
the Orbis Magnns, and HF the Diſtance of the 
Fix'd Star will be knowh. | 
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This Method of finding by Obſervation the Paral- 
lax of the Orbis Magnus, that moſt induſtrious Ob- 
ſerver Mr. John Flamſtead makes uſe of, and ſo an- 
ſwers the Objection of ſuch, as with Ricciolus, deny 
the Motion of the Earth about the Sun, becauſe it is 
confirm'd by the Obſervation of a Parallax of the 


Orbis Magnus. For he found the Diſtance of the 


Pole Star from the North Pole to be greater about 
the Summer Solſtice than about the Winter one, 
by about 40 or 50 Seconds, and that by a continued 
ſeries of Obſervations for 7 Years, allowing for the 
correction of the Inſtrument, and the change ofthe 
| Star's place on the account of the receſſion of the 
Equinoctial Points: as Mr. Flamſtead learnedly 
diſcourſes in a Letter to Dr. Mallis, dated Decemb. 
20, 1698. publiſh'd in the third Vol. of Hallis's 
 Mathemat. Works. But this Method of determining 
the Parallax of a Fix'd Star, ſuppoſes the Axis of 


the Earth AB | Fig. 57.] to be exactly parallel to 


it ſelf, when the Earth is in the Points E and H 
of its Orbit, when the Obſervations are made. 
And tho” that ſmall Nutation of the Axis which 
ariſes from the Diminuation of the Inclination of 
the Ecliptic and Equator at the Solſtices, and the 


Increaſe of it at the Equinoxes (by Carol. 20. Prop. 


66. B. 1. of Newton's Math. Princip. Nat. Philo.) 
does not affect or hinder this Obſervation, as Mr. 
Flamſtead obſerves in the ſaid Epiſtle ; yet another 
Nutation ariſing from another Cauſe may produce 
all this diverſity in the diſtance of thePole-Star from 
the Pole: Namely, if the denſity of the Southern 
Hemiſphere of the Earth be a little greater than 
that of the Northern, either becauſe of the leſſer 


Heat there and greater Cold here, or becauſe of 


the Inequalities of the Continents of the Earth 
plac'd about the Poles, or ſome other Cauſe un- 
known to us; for then ſince in the Winter Solſtice 
5 5 a 4s N 
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the South Pole A is inclinꝰd towards the Sun, and 
attheſame Time is nearer to it than the North Pole 
B, when in the Time of the Summer Solſtice the 
latter is inclin'd towards the Sun, HA will be more 
inclin'd to the Plane of the Ecliptic in the Winter 
Time than EA in the Summer Time; on which 
Account B H F will be leſs than BE F, tho' the 
right Lines HF, EF ſhould be parallel. Since 


therefore all that can be made out of Mr. Flamſtead's 


Obſervation is, that the Angle B HF is leſs than 


the Angle BEE; and this may ariſe from a double 


Cauſe, namely from the concurrence of the right . 


Lines HF, E towards F, if the Axis of the Earth 


in one Obſervation be parallel to the ſame in the 
other (which is ſuppoſed to be the Caſe by Mr. 
Hamſtead, and expreſs d by the 56. Fig.) or from 
the concurrence of the right Lines HA, EA to- 
wards & the quite contrary way to F, the right 
Lines HF, E F being ſuppoſed to be parallel, as 
in the 25h Figure; from this Obſervation the Pa- 
rallax of the Fix'd Stars is not evinc'd, becauſe 
the Obſervation may ſtand entire though the right 
Lines EF, HF remain parallel; that is, tho 
the Parallax of the Orbis Magnus be nothing. 

Nay, this Obſervation does not immediately 
prove even the Annual Motion of the Earth : For 
tho* the Earth be in the middle (revolving about 
the Axis, as in the Semi-Tychonic Syſtem, | Fig. 58. 
and ſo makes the apparent diurnal Revolution o 
the Celeſtial Bodies ;) the Sun in the Southern 
Signs may then attract the Southern Hemiſphere 
of the Earth turn'd to it, being nearer and per- 
haps denſer, ſo as to make the Angle BH F, the 
Diſtance of the Fix'd Star from the Pole, leſs than 
B EF, when the Sun in the Northern Signs be- 
ing more diſtant, attracts the NorthernHemiſphere 
leſs, which alſo perhaps is leſs denſe. 

The ſame likewiſe may be ſaid of the different 

KK 4 Di- 
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Diſtancè of a Fix d Star from the Zenith, which 
is the way Dr. Hook formerly ſought after the Pa- 
rallax of the Fix d Stars. For if the Direction of 
the Axis of the Earth be 2 the Direction 
of any other right Line in the Earth (whoſe Po- 
ſition to the Axis is given) will likewiſe be 


changed: And the Motion of the Earth about the 


Sun, can't be certainly concluded, from the various 
Inclination of a right Line connecting the Fix d 
Star and the Earth to that right Line in the Earth. 
It were therefore to be wiſh'd, that our exact Ob- 
ſervers would for the future manage their Obſer- 
vations for proving the Annual Motion of the Earth 
after this manner, according to the prec. Prop. or its 
$chol. For ſo at laſt the Parallax of the Fix'd 
Stars in regard of the Orbis Magnus will with cer- 
tainty be found (if it be ſenſible,) ſince the change 
of thoſe Angles can't ariſe from any other Cans, 
but the change of the Earth's Place or of the ſitua- 


tion of the Fix'd Stars among themſelves ; but the 
Identity of the firuation of the Fixed Stars in regard 


of one another is taken as a Principle by all ſuch as 
endeavour to find their Parallax. In the mean 
while the reaſons laid down in the following Propo- 
ſition inclines me to believe with Copernzcus, that 
the Diameter of the Orbis Magnus in regard of 
the Fix'd Stars (even the neareſt) is inſenſible. 
| PRO POSITION LVI. © 
"THE Diftance of the Sun from the Earth in re- 
ſpect of the Diſtance of a Fix*d Star (even 
the neareſt) from the Earth, vanifhes almoſt and is 
#nſenfible. *»„„5 
Since the Sun and Fix'd Stars are the only 
great Bodies of the Univerſe that have any native 
Light, they are juſtly eſteem'd by Philoſophers 
to be of the ſame kind, and deſign'd for the 
fame uſes ; and *tis the effect of a Man's Temper, 
that ſets a greater value upon his own things than 
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he ought, that makes him judge the Sun to be the 
biggeſt of them all. Let them therefore be ſup- 
poſed equal, fince that for one to exceed is but 
mere Conjecture as well as for the one to be equal 
to the other. ” | 

Let T be the Earth, [Fig. 59.] AE B the Sun 
whoſe Center is S; C@D a Fix'd Star equal to the 
Sun, whoſe Center is F. Since the Angle BTS, that 
the Semidiameter of the Sun ſeen from the Earth 
appears under, exceeds 16 Minutes, then will BS 
or CP equal to it, be almoſt the two hundredth 


Part of ST ; or 200 times CF will be equal to TS. 


In the Triangle FST right-angled at &, the Sine 
of the Angle SFT is to the Side ST as the Radius 
to the Side CT, equal to FT : From whence (by 
Prop. 1 I. Elem. 5.) the Sine of SFT is to ST as 
the Sine of the Angle (TF to CF. And ſince, in 
theſe ſmall Angles, the Angles themſelves are as 
their Sines, the Angle SFT will be to the Angle 
CTF as the right Line ST to CF; and therefore 
200 CTFisequal to SF, or 100 CIT equal to TES. 
But that * acute Obſerver Chriſtian Hugens (in 
his Syſtem of Saturn) affirms, that he, aſſiſted by 
a Teleſcope, (by the help of which the Diameter 
of an Object was magnified an hundred times) could 
not obſerve any magnitude in the Diameters of the 
Fix'd Stars tho' the brighteſt, but that they ap- 
peared like a Point ; that is, the Angle DTC made 
an hundred times bigger, was ſtill inſenſible; or 


an hundred times CT'D (that is, FJ) could not 


be taken notice of by Senſe. 'Therefore the Semi- 
diameter of the Orbis Magnus ST ſeen from the 
neareſt Fix'd Star (ſuch as we are to fuppoſe the 
brighteſt to be) would appear like the ſmalleſt 
Point; that is, T'S in reſpe& of SF or TP va- 
niſhes and is inſenſible. 


This ſmallneſs of the apparent Diameters of the 


Fix'd Stars is the cauſe of their Twinkling: For 
_— the 
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the ſmalleſt opake Corpuſcles, which are always 
moving in the Atmoſphere, entirely cover any 
Fix'd Star, and then immediately uncover it, that 
is, make it twinkle. WES 

i  SCHOLIVDT -. 

Becauſe ST compared with SF is inſenſible tis 
no Matter in what Point of the Orbis Magnus the 
Fix'd Stars be obſerved ; for the whole Orbis Mag- 
nus is but as a Point in reſpect of the Diſtance of 
the Fix'd Stars: And ſince Saturn the outmoſt of 
the Planets, is not above ten times farther off from 
the Sun than the Earth, there will be immenſe Spa- 
ces between this outmoſt Planet and the neareſt 
Fix'd Stars to the Sun, into which the very ex- 
centric Orbits of the Comets may run,. of which 
we have treated in Prop. 35, B. 1. And 'tis on 
the account of this immenſe Diſtance, that the 
Fix'd Stars have no ſenſible Effects upon our So- 
lar Syſtem, and don't diſturb the Planets contain'd 

in it. 


Since therefore the Diſtance of the Fix'd Stars 


can't be determined by Obſervations made in dit- 


ferent Places of the Earth's Orbit, it remains that 


we ſhow how to meaſure it by ſome Optical Me- 
thods: Two of which we ſhall propoſe, one by 
Mr. James Gregory publiſh'd in the Year 1668, 
the other by Mr, Hugens in his Coſmo Theoria. 
PrRoPoOSITION LVII LEMMA. 
HE Illuminations of the ſame Sphere, in diffe- 
rent diſtances from the lucid Body, are reci- 
procally as the Squares of the Diſtances. 
Tho' this Propoſition be an eaſy Conſequence of 
Prop. 48. B. 1. yet I ſhall take the pains to demon- 
ſtrate it here. Let A Fig. 60. ]be any Point of a lucid 
Body taken at pleaſure; and let B C be the Dia- 
meter of the Sphere that is illuminated, directly 
oppoſed to the Rays, at a ſmaller diſtance from 
the lucid Body ; 4 the ſame Diameter at a wag 
diſtance 
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diſtance ; that is, let AE, a Ray reaching to the 

Center E be perpendicular to BC, and As to g: 

Join AB, AC, and being produced let them meet 
75, alſo produced, in D and F, about the Center A, 

at the diſtance AD or AF, deſcribe an Arc of a 

Circle DF, which let 4%, Ae and 4y produced, 

meet in N, & and K; and let this Figure be ima- 

gined to revolve about the Axis AG. Tis evident 

that all the Rays falling upon the Sphere, whoſe 

Diameter is BC, upon the removal of it, will be 
ſpread upon the Sphere whoſe Diameter is DF: 

And therefore the Illumination of the Sphere, 

whoſe Diameter is BC, is to the Illuminaton of 
the Sphere, whoſe Diameter is 3), as all the Rays 

contained within the Sector of the Sphere gene- 

rated by the Rotation of ADE, to all the Rays 
contained within the Sector of a Sphere gene- 
rated by the Rotation of AH; that is, as the Sur- 

face of a Sphere generated by the Rotation of the 

Arc DG, to the Surface of a Sphere generated by 

the Rotation pf the Arc & H; that is, (by Prop. 49. 
B. 1. F Archimed. of the Spb. aud Cylind.) as the Cir- 
cle whoſe Radius is D &, to a Circle whoſe Radius 

is He, or as the Square of D@ to the Square of HG. 

But in ſmall Angles, ſuch as we ſuppoſe DAd and 

HAG to be, is to HG very nearly as DE to #. 

And therefore the Illumination of a Sphere, whoſe 

Center is in E, is to the Illumination of the ſame 

or an equal Sphere, whoſe Center is in , in the 
duplicate Ratio of De to , or D- to BE, or 4: to 

AE; that is, reciprocally as the Square of the Di- 
ſtances. And ſince the ſame, for the ſame Rea- 
ſons, is true of any other Point of a lucid Body, 

as well as of A, What was propoſed becomes evi- 
dent. 

And after the like manner, the Illuminations 
of the ſame Sphere made by equal lucid Bodies at 
unequal Diſtances, are reciprocally as the Squares 
of the Diſtances from thoſe lucid Bodies. Pzo+ 
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PROPHOSTITTON LVIII. Lemma. 
LL the Rays of the Sun falling upon one Planet 
are to allthe Rays of the Sun falling upon ano- 
ther Planet, as the Squares of the Chords of the Ho- 


riZontal Parallaxes of the Sun ſeen from thoſe Pla- 


nets. | Fig. 61.) 

Let Srepreſent any radiating Point of the Sun; 
and the Spheres AB, CD, whoſe Centers are Tand 
P, any two Planets. Join ST, SP, and let a Plane 
drawn thro” them cut the Spheres in the Circles 
AB, CD; and from & draw Tangents to the ſaid 
Circles. Then about the Center S, at any diſtance, 
draw an Arc of a Circle meeting the right Lines 
SA, S, SB, SC, SP and S in F, E, L, E, G, and 
K; join the right Lines EF, @H. Let the Figure 
AFSET be imagined to revolve about its Axis 
ST, and CSG about the Axis SP. All the Rays 
flowing from the Point & that fall upon the Pla- 
net T (viz. all within the Cone ASB) will be 
to all the Rays falling upon the Planet P (namely 
all in the Cond TID) as the Superficies of a Sphere 
deſcribed by the Rotation of the Arc PF, to the 
Superficies of a Sphere deſcribed by the Rotation 
of the Arc @ H; that is, (by Prop, 49. B. 1. of 
Archimedes of the Spher. and Cyl.) as a Circle de- 
ſcribed with the Radius EF to a Circle deſcribed 


with the Radius @H, or as the Squares of the 
right Lines EFH. But EF and @f1 are Chords 


of the Angles AST, CSP to the Radius SE, and 
the ſaid Angles are the horizontal Parallaxes of 
the Sun &, ſeen from the Planets T and P; and 
therefore all the Rays flowing from the Point 8 


and falling upon the Planet 2, are ta all falling 


upon P, as the Square of the Chord of the Sun's 
Parallax ſeen from T, to the Square of the Chord 
of the Sun's Parallax ſeen from P. And ſince the 
ſame is in like manner true of Rays flowing 
from any other Point of the Sun, the Propoſition 
is evident. NY e a 
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Inſtead of the Chords the Arcs themſelves, of 
the Angles proportional to them, and ſubtended 
by them, may be taken, as in the preced. Prop. 

SCAHOLITU M. | 

After the like manner, all the Rays of a lucid 
and every way radiating Sphere, are to all its Rays 
that fall upon a given Sphere and illuminate it, in 
the duplicate Ratio of the Diameter (or Chord of 
the Semicircle) to the Chord of the horizontal 
Parallax of the lucid Body, feen from the illu- 
minated Body; or as the Square of the Diame- 
ter to the Square of the Chord of the horizontal 
Parallax. And conſequently (by taking the halves 
of the Antecedents,) the half of all the Rays of 


the lucid Sphere, or all the Rays flowing from a 


radiating Hemiſphere (ſuppoſing the other Hemi- 
{phere opake) are to all its Rays falling upon the 
Sphere to be illuminated, to which it appears full, 
as the half of the Square of the Diameter (that 
is, the Square inſcribed in a Circle) to the Square 
of the Chord of the Horizontal Parallax of the 
lucid Body, ſeen from the Sphere to be illuminated. 
PRO SPYHOSITION LIX. LEMMA. 
HE Ratio of the Illumination of the Earth by 
the Sun to its Illumination by a Planet ſhining 
at the full, is compounded of the duplicate Ratio of 
the Chords of the Horizontal Parallaxes of the Sun 
ſeen from the Earth, and that Planet, and the Ra- 
tio of a Square inſcribed in a Circle to the Square of 
the Chord of the horizontal Parallax of the ſaid 
Planet ſeen from the Earth. | 
The Rays, with which the Planet illuminates 
the Earth, are ſuch as flowing originally from the 
Sun are reflected by it upon the Earth. We ſup- 
poſe therefore that each Planet reflects every way 
all the Rays of the Sun that fall upon it; that is 
(for greater eaſe) we ſuppoſe a Planet to emit 
Rays every way from that Hemiſphere of it that 
is 
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is turned towards the Sun, viz. fo many as fall 
upon it from the Sun. Tis evident that the Illu- 
mination of the Earth by the Sun is to the Illu- 
mination of theſame by a Planet ſhining in the full, 
as all the Rays of the Sun falling upon the Earth 


to all the Rays flowing from the Planet and fal- 


ling upon it : But the Ratio of the Sun's Rays 


falling upon the Earth to the Planet's Rays falling 


upon the ſame, is compounded of the Ratio of 
the Sun's Rays falling upon the Earth to the Sun's 
Rays falling upon the Planet, (that is, all the Rays 
flowing from the Planet's Hemiſphere,) and the 
Ratio of all the Rays flowing from the Planet's 
Hemiſphere to all thoſe of them that fall upon the 
Earth. And the former of theſe compounding 
Ratios, or the Ratio of the Sun's Rays falling up- 
on the Earth to the Sun's Rays falling upon the 
Planet, is equal (by the preced. Prop.) to the du- 
plicate Ratio 'of the Horizontal Parallax of the 
Sun ſeen from the Earth to the Horizontal Pa- 
rallax of the Sun ſeen from that Planet ; but the 
latter, namely the Ratio of all the Rays flowing 
from the Planet's Hemiſphere illuminating the 
Earth to all of them that fall upon the Earth and 
enlighten it, is equal Coy the preced. Schol.) to the 
Ratio that a Square inſcribed in a Circle has to 


the Square of the Chord of the Horizontal Pa- 


rallax of the ſaid Planet ſeen from the Earth. And 
therefore the Rat io of the Illumination of the Earth 
by the Sun to the Illumination of the ſame by a Pla- 
net ſhining in the full, is compounded of the du- 
plicate Ratio of the Chords of the Horizontal Pa- 
rallaxes of the Sun ſeen from the Earth and that 


Planet, and of the Ratio of the Square inſcribed 


ina Circle to the Square of the Chord of the Ho- 
rizontal Parallax of the ſaid Planet ſeen from the 


Earth. 
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PRO POSITION LX. 
O determine the Diſtance of a. Fix d Star. 


Chuſe a Fix'd Star of nearly the ſame bright- 
neſs with ſome Planet, when it is at the Full; in 


which caſe the Earth is equally illuminated 


theſe two Stars. But the mutual Diſtances of the 
Sun, Earth, and Planet at the time of the above- 
mentioned Obſervation, and the. Magnitudes of 
theſe three Bodies (by Prop. 46.) being known, the 
horizontal Parallaxes of the Sun and Planet ſeen 


from the Earth (by Prop. 48. B. 2.) become known, 
together with the Angle the ſaid Planet appears 


under from the Sun, whoſe balf is the horizontal 
Parallax of the Sun ſeen from that Planet. And 
conſequently (by the preced. Prop.) the Ratio of 

the Illumination of the Earth by the Sun to the 
Illumination- of the ſame by [he ſaid Planet be- 
comes known; that is, the Ratio between the 
Illumination of the Earth by the Sun and by 
the Fix d Star: But (by Prop. 57.) the Illumina- 
tion of the Earth by the Sun is to the Illumina- 


tion of the ſame by a Fix'd Star (equal to the 


Sun and equally lucid) in the duplicate Ratio. of 
the Fix'd Star from the Earth to the Diſtance of 
the Sun from the ſame ; therefore the Ratio be- 
tween the Diſtances of the Fix'd Star and the Sun 
from the Earth is known ; and conſequently the 
Diſtance it ſelf of a Fix'd Star from the Earth is 
known. ; 
, 


For the ſame purpoſe you may commodiouſly 


| take Jupiter in its Achronical ſituation, and Sirius, 


which (if any other) may be looked upon as equal 
to the Sun. But ſince Jupiter in the ſaid fituation 
exceeds Sirius in brightneſs, and beſides the Rays 
of the Sun falling upon Jupiter are not reflected 

4 towards 


N » 
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towards the Earth without being weakened, but 
are moſt of them ſtifled near the ſurface of ju- 


piter, the Diſtance of Sirius determined after this 
manner will be leſs than the true Diſtance. 


/ 


PROPOSITION LXI. 
O meaſure the Diſtance of a Fix d Star another 


| Way. ä 3 | 
Tho' the Diameter df the btighteſt Fix'd Star 
can't by any Optical Inſtrument yet invented, be 
made ſo big as to become ſenſible, and ſuch as may 
be compared with the Sun's Diameter ; however, 
the Sun's Diameter may be lefſen'd ſo much, 28 
that its Light thus leſfen'd may (in appearance) 
be no greater than the light of Sirius twinkling 
in the Night ; which will be done if its Rays be 
let into a Tube thro? a Hole ſmall enough ; or if 
its Image be leſſened as much by means of a Lens, 
or partly by one partly by the other Method : For 
the Diameter of the Image of the Sun, tho in- 
ſenſible (if looked for inconſiderately) becomes 
known by Calculation founded upon Optics and 
Dioptrics, having the Diameter of the Hole, the 
Lens and ſituation of the Eye given. But the Di- 
ameter of an Image of the Sun, as bright as Siri- 
us to an Eye given in Poſition, is equal to the 
Diameter of Sirius; therefore the apparent Dia- 
meter of Sirius, before inſenſible, becomes known 
by Calculation: But the Sun and Sirius are ſuf- 
poſed equal; therefore their Diameters are equal: 
And therefore the Diſtance of Sirius will be to 
the Diſtance of the Sun, as the Sine of the appa- 
rent Diameter of the Sun to the Sine of the appa- 
rent Diameter of Sirius, or (by reaſon of the 
ſmallneſs of theſe Angles) as the apparent Dia- 
meter of the Sun to the apparent Diameter of Si- 
rius; therefore the Diſtance of Sirius will be 


known. Q. E. I. 
The End of the Firſt Volume. 
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